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Abstract 
The water sector in Australia is essential to provide all of the water related 
services for the nation; contributing to health and hygiene, industry, agriculture and 
other essential services. While modern water systems are seen as one of humankind’s 
greatest accomplishments of the 20th Century, they continue to face increasing 
challenges, particularly in terms of climate change, resource demand and population 
increases. In light of these challenges, the water sector needs to transition to 
environmentally, socially and economically sustainable operations. This research 
contains an inquiry into the key elements for innovation as a pathway to achieving 
such sustainability outcomes. 
Within the field of innovation, ‘sectoral systems of innovation’ (SSI) was 
identified as the specific lens through which to undertake the literature search. This also 
underpinned the development of the research method. The relative newness of this field 
(1990s) means that while a general understanding about elements for innovation exists, 
the knowledge about how different sectors fit with this understanding is incomplete to 
date. In particular, the following areas of interest were identified from the literature 
review: (1) the limited understanding about the structure and interaction between actors 
(i.e. individuals and organisations) that make up the Australian water sector, (2) a limited 
understanding about which elements have the largest impact on innovation in the water 
sector, and (3) a limited knowledge about the similarities or differences in perception 
about the impact these elements have, according to different groups (i.e. research, 
industry, government) of the water sector. 
The aim of this research was to enhance the capacity for innovation in the 
Australian water sector, by uncovering the significant enablers and limitations for 
generating and diffusing innovative processes and technologies within the sector. In 
order to achieve this aim, the following questions were developed: 
1. Which three barriers, drivers and enablers for innovation in the Australian water sector would 
provide most potential benefit from investigation? 
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2. What are the key elements for innovation in the Australian water sector?  
3. What are the significant similarities and differences between research, industry and 
government perspectives?  
4. Is the Delphi technique appropriate for foundational research of this nature? 
This research was designed using a mixed methods approach, comprising semi-
structured interviews and a modified, four-round Delphi study (a group process used to 
reach expert consensus on a particular subject as defined in Section 3.3.3 Delphi study). 
All participants in the Delphi study were considered to be experts within the Australian 
water sector, and were selected based on their strong experience, breadth and depth of 
understanding about elements that may influence innovation within the sector. A range 
of analytical tools and techniques were used to handle the data, including NVivo (a form 
of computer assisted qualitative data analysis software) for qualitative data coding and 
management, and quantitative Analysis of Variance (ANOVA) and Tukey analyses 
using Statistical Package for Social Sciences (SPSS). Key elements uncovered at the end 
of the analysis were further compared with the literature. Based on the findings, a 
practical guideline was compiled to improve innovation in the Australian water sector. 
From this research, it is concluded that active and well-functioning sectoral 
relationships are critical for innovation to flourish. In particular, 16 key elements for 
innovation in the Australian water sector were uncovered. These elements were collated 
into two themes: those contributing to community acceptance and those contributing to 
innovator effectiveness. While most of these 16 elements aligned with those previously 
identified in the literature about SSI in general, two new elements were identified, 
namely ‘public education’ and ‘consistent messaging’. While this could potentially mean 
that these elements are specific to the Australian water sector, it is more likely that they 
are also applicable, and potentially valuable to other sectors (yet to be validated through 
further research). It was discovered that in general there were limited significant 
differences between segments (research, industry, government) of the sector, indicating 
broad consensus about the key elements affecting innovation in the Australian water 
sector. It was also discovered that there is a considerably larger focus on community 
acceptance and the elements required to establish it, than on any other element for 
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innovation in the Australian water sector, leading to the conclusion that community 
acceptance is one of the key influencers for effective innovation in this sector. Finally, the 
Delphi technique was concluded to be a satisfactory method for conducting foundational 
research of this nature, where the existing knowledge around the topic is limited.  
Additional considerations were identified, which could further improve the integrity of 
the Delphi methodology itself. These include the addition of a pre-Delphi ‘scoping 
round’ to create ownership of the research focus among participants, creating a 
brainstorming-like situation during the ideas generation round, and the addition of post-
Delphi interviews or focus group to validate the findings through a discussion among 
the participants. 
SHORT STATEMENT: 
It is necessary to enhance the level of sustainability in the Australian water sector 
to ensure the suitability of water supply and management into the future. In this research, 
innovation has been explored as a means to achieving this. Implementing effective 
solutions will remain challenging until the interactions and elements that contribute to 
innovation in this sector are understood. The outcomes of this research contribute to the 
understanding about the Australian water sector by providing foundational knowledge 
about key elements for innovation. The findings of this research provide insights for 
immediate application in innovation within the sector. This includes the potential for 
addressing pertinent challenges to the sector, including climate change, population 
changes and resource scarcity.  
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Glossary 
The following definitions apply to terms in the context of this dissertation. 
Actor individuals and organisations that make up a sector 
Delphi method a group process used to reach expert consensus on a particular 
subject 
Element a tool, strategy or method that impacts the state of innovation in 
the Australian water sector 
Factor a circumstance, fact or influence that contributes to the state of 
innovation in the Australian water sector 
Innovation the introduction of new products and technologies in addition to 
activities that promote knowledge transfer and other actions that 
affect an organisations business activities 
Sector a set of activities that is unified by some related product or 
demand, and which share some basic knowledge 
Sectoral system 
of innovation 
a system (group) of companies actively involved in developing 
and making a sector’s products and in generating and using a 
sector’s technologies; such a system of companies is related in two 
different ways: through processes of interaction and cooperation 
in artefact-technology development, and through processes of 
competitions and selection in innovative and market activities 
Segment a group of actors e.g. research, industry, government 
Sustainability* the ability to achieve sustainable development; for economic, 
environmental and social needs equally 
Sustainable 
development* 
the development that meets the needs of the present without 
compromising the ability of future generations to meet their own 
needs. 
*NOTE: the terms sustainability and sustainable development have been used 
interchangeably throughout this dissertation, though it should be noted that there are 
nuanced differences between the two concepts. 
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CHAPTER 1: INTRODUCTION 
“Begin at the beginning,” the King said, gravely, “and go on till you come to 
the end; then stop.” 
Lewis Carroll, Alice in Wonderland 
This chapter outlines the research background (Section 1.1) and theoretical 
framework (Section 1.2) of the investigation; the research gaps, questions and design 
(Sections 1.3 and 1.4); an outline of the remaining chapters of the dissertation (Section 
1.5); and the significance of this research (Section 1.6).  
1.1 RESEARCH BACKGROUND 
The water sector is the foundation for one of the most precious commodities on 
earth. It provides us with the ability to source, supply, treat and distribute water to 
communities. Sustaining these abilities is critical, and to do that the sector must continue 
to adapt and evolve, which requires continuous innovation.  
While the traditional water systems that service most developed urban 
environments (Nelson, 2012) provide immense benefit to communities, sustainability 
for the water sector has not yet been achieved i.e. the ability for the sector to meet the 
present economic, environmental and social needs without compromising the ability of 
future generations to meet their own needs, as is outlined in Section 2.4. These systems 
are becoming increasingly ill-equipped to deal with the escalating challenges facing the 
sector (Barnes and Newbold, 2006, Biggs et al., 2010, Brown, 2012, Chanan et al., 2009, 
Keiner, 2006, Organisation for Economic Co-operation and Development, 2001). For 
instance, the traditional design of modern Australian water infrastructure is based on 
engineering and economic models that were originally developed in the 1800s (Partzsch, 
2009). At their initial time of construction (between 1860-1890 for Sydney, Melbourne and 
Adelaide, and 1923 for Brisbane), these systems were essential to support an expanding 
industrial state (Byrnes, 2013) and appropriately served the purpose for which they were 
designed. Yet over the last 150 years the needs and challenges facing communities and 
the sector have evolved. The rapid population growth and prolonged dry periods post 
World War II necessitated the requirement for security of the water supply, which was 
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primarily achieved by the implementation of large dams (Byrnes, 2013). During the past 
decade, water security has again risen to the forefront of discussion, with irregular 
climactic events such as prolonged drought and severe floods creating volatility in the 
sector. The result is that many aspects of the water system that was primarily designed 
for 19th and 20th Century society, are now struggling to deliver their intended functions 
(Barnes and Newbold, 2006, Biggs et al., 2010, Chanan et al., 2009, Keiner, 2006, 
Organisation for Economic Co-operation and Development, 2007). Key challenges faced 
by the water sector include: climate change, increasing population, and resource scarcity, 
each of which are discussed further in Section 2.2 of Chapter 2. 
In response to the limited use of sustainable operations and the predicted rise in 
future challenges that will impact the water sector, greater innovation within the sector 
is being called for by various authors such as van de Brugge (2007), Farrelly and Brown 
(2011) and Westley et al. (2011). Specifically, innovation for sustainability, i.e. innovation 
that contributes to environmentally, socially and economically sustainable operations for 
the sector is desired. The scarcity of innovative methods and technologies becoming 
established within the Australian water sector indicates that there remains a need for 
concentrated effort to their continued support for development and effective 
implementation. 
NOTE: “It is recognised that innovation has an important role to play in all 
infrastructure sectors including water, energy, transport, communications and others. 
For this research, the water sector was selected as the specific focus in order to provide 
an in-depth analysis, rather than conducting a broad investigation into multiple sectors 
that would likely result in shallower outcomes.” 
1.2 THEORETICAL FRAMEWORK 
This research contains an exploration of the key elements that are conducive to 
transitioning the Australian water sector to being a sustainable system i.e. a system that 
contains the elements for economic, environmental and social sustainability. In order to 
best achieve this outcome, innovation theory was selected as the most appropriate 
framework, as presented in Chapter 2. Specifically, sectoral systems of innovation (SSI) 
was selected based on its applicability to innovation across an entire sector. This 
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theoretical premise also lends itself to examining the structure and elements of the water 
sector. 
As identified in Chapter 2, existing research within this realm has generally focused 
either on sectoral systems in general or on specific sectoral systems such as the chemical, 
pharmaceutical and software sectors. In contrast, there have not been any studies 
dedicated to the water sector as a sectoral system of innovation. As such, sectoral systems 
of innovation, plus elements of diffusion theory and innovation theory more broadly, 
served as the theoretical framework to uncover, evaluate and reach consensus on the key 
elements that are conducive to innovation in the Australian water sector. 
1.3 RESEARCH GAPS 
There is a convincing argument for the water sector to transition to being an 
adaptable and sustainable system in the face of challenges resulting from climate change 
and societal demands. However, without first understanding the specifics around 
making this transition, the likelihood of success is limited. An overview of the history 
and challenges related to sustainability are presented in Chapter 2. While there exists a 
body of literature about sustainability, and while it has been a broad field of interest since 
the 1970s, the pathway to achieving sustainability remains unclear in many domains 
(Lindsey, 2011, Rees, 1995), including the Australian water sector. Innovation, and more 
specifically sectoral systems of innovation, is explored as a pathway to achieving a 
greater level of sustainability in this sector. While the body of knowledge around sectoral 
systems of innovation continues to emerge, the understanding of elements specific to the 
Australian water sector remains limited. There is also limited knowledge about how 
different segments of the sector (researcher, industry, government) view these elements 
and their relative ability to contribute to innovation. Figure 1.1 on page 4 displays the 
existing knowledge from literature and associated gaps in relation to sustainability, 
innovation and the Australian water sector. 
1.4 RESEARCH QUESTIONS AND DESIGN 
Based on the research background and gaps previously identified, the purpose of 
this research is to uncover the most potentially beneficial barriers, drivers and enablers 
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to investigate; plus, the key elements that are conducive to innovation in the Australian 
water sector. This is based on the assumption that increased innovation will result in 
enhanced sustainability in the sector. Specifically, the following research questions have 
been developed: 
1. Which three barriers, drivers and enablers for innovation in the Australian water sector 
would provide most potential benefit from investigation? 
2. What are the key elements for innovation in the Australian water sector? 
3. What are the significant similarities and differences between research, industry and 
government?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Map of research gaps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From water sector 
and challenges 
 
 
 
 
 
 
 
 
 
 
 
Sustainability in the 
water sector has not 
yet been achieved 
From 
sustainability 
literature 
 
 
 
 
 
 
 
 
 
 
From innovation 
theory literature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Little is known about the interaction 
between the innovation and 
sustainability bodies of work i.e. 
how innovation impacts 
sustainability and vice versa 
The pathway to 
achieving 
sustainability 
remains unclear 
 
There is little 
knowledge about 
how the elements 
for innovation 
impact specific 
sectors e.g. water 
 
There is little 
knowledge about 
the barriers, drivers 
and enablers for 
innovation specific 
to the water sector 
Further innovation 
is being called for in 
the literature 
There is limited/no 
knowledge about how 
different segments 
(research, industry, 
government) of the 
sector perceive 
elements differently? 
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Additionally, a fourth research question is included, based on the chosen method 
of inquiry – the Delphi technique (a group process used to reach expert consensus on a 
particular subject as defined in Section 3.3.3 Delphi study). This final research question 
is: 
4. Is the Delphi technique appropriate for foundational research of this nature? 
It is expected that this research will result in: 
• identifying the barriers, drivers and enablers for innovation in the water sector; 
• identifying the key elements for innovation in the Australian water sector; 
• identifying which elements could have the most impact on the state of 
innovation in the sector; 
• revealing any significant similarities and differences between perspectives of 
people in the research, industry and government segments of the sector;  
• providing a guideline for research, government and industry participants in the 
Australian water sector to increase innovation for sustainable operations; and 
• determining the appropriateness of the Delphi technique for foundational and 
exploratory research. 
This research has been conducted through a critical realist perspective, which 
argues that our understanding of the world is a construction based on our own 
perspectives (Creswell, 2011). This paradigm supports the chosen use of a mixed 
methods approach that includes semi-structured interviews and a modified Delphi 
study. The data was collected from participants within the research, industry and 
government segments of the water sector. 
After initially inspecting the literature around sustainability and innovation in the 
context of the Australian water sector, the findings from the semi-structured interviews 
and initial round of the modified Delphi study were examined. Barriers, drivers and 
enablers for innovation in the Australian water sector were identified and ranked during 
this initial phase of the research, and formed the basis for the remainder of this 
investigation. The modified Delphi study was conducted to uncover the key elements for 
innovation in the Australian water sector. 
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1.5 DISSERTATION OUTLINE 
The initial phase of this research commenced in Chapter 2, which contains a review 
of the relevant literature related to sustainability and innovation theory. Within the 
section on innovation theory, sectoral systems of innovation are specifically examined, 
including their structure, and key elements that generally contribute to innovation. 
Finally, the factors affecting innovation for sustainability and the water sector as 
identified in literature are reviewed. 
Chapter 3 contains an exploration and discussion of the rationale for selecting a 
mixed methods research approach, and establishes the research questions identified to 
best respond to the research problem as previously stated. The merits of the Delphi 
technique as a suitable approach for this research are also debated in this chapter. 
Chapter 4 comprises the findings from the semi-structured interviews that were 
conducted to gain an initial understanding of the most beneficial barriers, drivers and 
enablers for innovation in the water sector, for further investigation. The findings from 
this chapter were used as a basis to develop the next stage of this research, being the pre-
Delphi questionnaire. 
Chapter 5 contains the results of the pre-Delphi questionnaire and the modified 
Delphi study. The pre-Delphi questionnaire was used to rank the impact and priorities 
of the barriers, drivers and enablers identified during the interviews, in order to select 
three for further investigation in the modified Delphi study. The modified Delphi study 
was conducted to uncover the key elements that are conducive to innovation in the 
Australian water sector. The significant similarities and differences between research, 
industry and government segment perspectives were also explored by way of an analysis 
of variance of these segments.  
Chapter 6 includes a discussion of the results from the analysis outlined in 
Chapters 4 and 5, comparing the emergent elements to those previously identified 
through literature. This chapter also includes an inspection of the new contributions to 
innovation theory, as well as a section presenting a guideline proposing the actions and 
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associated outcomes that researchers, industry and government professionals can 
implement to enhance innovation and sustainability. 
This dissertation is concluded in Chapter 7, which re-visits the research questions 
and provides an overview of the major findings from this research. This chapter also 
highlights the contributions and implications to theory and practice, and outlines the 
scope and methodological limitations of this research. Finally, potential directions for 
future research are provided. Figure 1.2on page 8 indicates the research design of this 
dissertation. 
1.6 SIGNIFICANCE 
This research is crucial to gaining an improved understanding about how the 
premise of SSI can be applied to the water sector in order to contribute to sustainable 
outcomes across the sector. Enhanced sustainability in the Australian water sector is 
essential to ensure the ongoing provision of quality water supply across Australia. The 
periodic volatility in the sector, combined with recent challenges resulting from climate 
change, population increases and resource scarcity means that business as usual will 
certainly not, and incremental improvements will probably not be sufficient to ensure 
stability of water supply for future generations. As such, the main argument presented 
in this dissertation suggests that there is an untapped connection between systems of 
sectoral change and sustainable outcomes within the Australian water sector that will 
ultimately result in future sustainability for the sector. 
This dissertation contributes to the Australian water sector by providing a holistic 
view of elements that impact innovation, and more broadly, sustainability for the sector. 
This research is crucial to understanding the interactions and impact of elements and 
actors within the water sector that have the potential to significantly enhance innovation. 
This transition to innovative solutions is essential to ensure the provision of efficient and 
sustainable water supply for Australian communities. 
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CHAPTER 2: LITERATURE REVIEW 
“And above all, watch with glittering eyes the whole world around you 
because the greatest secrets are always hidden in the most unlikely places. Those 
who don’t believe in magic will never find it.” 
 Roald Dahl 
2.1 INTRODUCTION 
This chapter begins by exploring the current state of the Australian water sector, 
focusing specifically on the present challenges and the progressive needs of society. The 
review then draws on the field of sustainability as the ultimate outcome for the sector, 
and highlights various perspectives related to the term. The next part of this chapter 
contains an overview of innovation theory, considering it as a lens through which to 
achieve sustainability in the water sector. This section covers various theoretical 
perspectives, such as those proposed by Schumpeter (1934), where innovation is viewed 
primarily through an economic paradigm; through to Freeman (1974), who broadened 
the field to include science and technology; and Pavitt (1984), who expanded the view of 
innovation to include interactions within and between regional, national and sectoral 
systems. Distinguished by its focus on the need for sustainability in the Australian water 
sector, the core purpose of this research is to uncover the key elements for innovation as 
a means to achieving sustainable outcomes in the sector. 
2.2 CHALLENGES IN THE AUSTRALIAN WATER SECTOR 
Much of the Australian water sector that exists today has been primarily shaped 
by the legacy of the traditional systems (Department of Infrastructure and Transport, 
2012). These systems were often borne from the unplanned development of the Industrial 
Revolution when engineers and others took advantage of this period of rapid change to 
invoke the progress of humankind. However, solutions that were appropriate for that era 
may no longer be the most efficient, sustainable or resilient options to provide for 21st 
Century society. Globally, the water sector faces a number of serious threats. The 
Australian water sector in particular, has always been exposed to variability that the 
landscape and climate bring; and with the projections of future challenges in the sector, 
continued and increased responsiveness and adaptability will be essential to ensure a 
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sustained level of service now and into the future. Key challenges faced by the water 
sector include climate change, increasing population, and resource scarcity. 
For instance, while there is clear scientific consensus that anthropogenic climate 
change is occurring, the exact scale and timing of the effects are still uncertain (Elements 
Strategic and Risk Management, 2012). Despite this uncertainty around the specifics, 
climate change predictions for Australia suggest: 
(National Water Commission, 2012, Elements Strategic and Risk Management, 2012) 
• increased variability of temperature and rainfall;  
• increased occurrence of extreme weather events such as fires and floods; and 
• sea level rises. 
The natural water cycle is highly sensitive to climactic changes, which means that 
the water sector in Australia is facing an unprecedented challenge in responding to these 
changes. This is likely to impact all facets of the water sector, including: 
(National Water Commission, 2012, Elements Strategic and Risk Management, 2012) 
• water supply (reduced availability and reliability); 
• demand for water (generally increased, but decreased in some localised areas); 
• increased costs of service;  
• increased risks to community and the environment; 
• failure or life reduction of infrastructure and other assets;  
• sewerage transfer and treatment; and 
• drainage and flood management. 
The National Water Commission argues that climate change and water 
management are two of the most important issues facing Australia (2012). Aside from the 
impacts from climate change, the water sector faces other challenges such as an intensive 
dependence on resources, exacerbated by their increasing scarcity. Australia has always 
been prone to fluctuations in the availability of water resources, and continued 
investment is required by organisations to maintain a sufficient supply of high quality 
water. Since the nationwide drought during the late 1990s and 2000s, organisations have 
begun developing greater interconnectivity to improve the resilience of supply security. 
Literature review  
 Page 13 
 
However, the usual supply fluctuations are predicted to be exacerbated by the impacts 
of climate change and population increases, meaning that current measures will not be 
sufficient to maintain water security into the future (2030 Water Resources Group, 2009). 
In addition to water scarcity, the sector must also consider other key resources involved 
in the supply and distribution of water, such as energy and land. Using current practices, 
wastewater treatment plants require large amounts of space to process water. While the 
land availability in Australia is expansive, the increasing urbanisation of the population 
means that the locations with the greatest demand have the smallest land availability. 
The cost of energy in Australia has been rising rapidly over the past decade (Parliament 
of Australia, 2013, Productivity Commission, 2013). The high energy intensity of many 
traditional and contemporary processes within the water sector means that energy will 
become an increasingly key concern for proponents within the water sector to be able to 
deliver efficient, cost-effective solutions for consumers. 
Like much of the world, Australia is already highly urbanised with 90% of the 
population residing in cities. Projections by the Australian Bureau of Statistics indicate a 
national population increase from 23.5 million people in 2014, to up to 42.5 million by 
2056 (Australian Bureau of Statistics, 2008), and it is forecasted that 65% of people will be 
living in capital cities, and the vast majority in urban settings (National Water 
Commission, 2013), which presents a major challenge for the 21st Century (CSIRO Water 
for a Healthy Country Flagship, 2014). The key impacts of this population expansion 
include an increased demand for water, energy, land and materials; as well as increased 
generation of waste streams, stormwater runoff, nutrient flow and chemical 
contamination. 
In response to such challenges, the National Water Commission in Australia has 
identified the need for the water sector to transition to a state of being readily adaptable 
and able to respond to complex needs for a variety of supply and demand scenarios 
(National Water Commission, 2013). In response to this need, a number of large 
infrastructure investments have been made in the Australian water sector. Some 
examples of such investments include the North-South pipeline that connects Melbourne 
to the Goulburn River ($750 million) and the Victorian Desalination Plant at Wonthaggi 
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($6 billion) (Low et al., 2015). While the construction of these two projects was completed 
between 2010 and 2012, neither has contributed to Melbourne’s water supply to date, due 
to a variety of economic, environmental and political reasons, including the fact that the 
drought for which these facilities were constructed ended around the same time as they 
were completed (Low et al., 2015). However, these facilities are now available should 
they be needed in the future. Throughout this period of high financial investment, 
pockets of innovation have arisen, such as the Kwinana Desalination Plant located south 
of Perth ($387 million), which supplies 17% of the city’s water demands (Water Services 
Association of Australia, 2013) while also reporting the lowest energy demands of all 
Australian desalination projects when compared to water supply by conventional means. 
This output largely results from the fact that the conventional water supply to Perth 
requires transport over a vast distance, making the energy intensive desalination option 
comparatively economical (Ghaffour et al., 2014). To successfully make the transition to 
a state of being able to respond to a variety of supply and demand scenarios, the 
Australian water sector will need to move away from business as usual, and proactively 
pursue and adopt innovative approaches and technologies as a means to successfully 
address future challenges facing the Australian water sector. 
2.3 TRANSITIONING TO SUSTAINABILITY IN THE WATER 
SECTOR 
Since the inception of the concept of sustainability in the 1970s there has been an 
increasing demand for its integration into all facets of human existence including the 
water sector (Shaw et al., 2012, Yao et al., 2011).  This transition to sustainability is further 
intensified by the numerous challenges traditional water systems are presently facing. 
Addressing these challenges will require a departure from business as usual, and 
solutions will call for flexibility and innovation, whilst still maintaining reliable and 
quality service for users.  The Organisation for Economic Co-operation and Development 
(OECD) identifies the following traits as being necessary for the future of infrastructure 
to cater for the progressive needs of society, including a need for: 
(Organisation for Economic Co-operation and Development, 2007, p17) 
• reliable and resilient infrastructure; 
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• meeting future environmental and security challenges; 
• infrastructure development to effectively meet social, environmental and economic 
objectives; 
• better life-cycle management; and 
• better efficiencies through demand management. 
The United Nations Environment Programme (2010) further notes that the 
investment decisions made today will affect the future sustainability of cities for the 
medium to long-term.  
Expectations surrounding development are shifting with governments and 
communities increasingly demanding the integration of efficient, sustainable solutions 
for innovative urban designs, including the water sector (Kenny et al., 2012, SBEnrc, 
2012). For example, the Department of Energy and Water Supply (DEWS) (Department 
of Energy and Water Supply, 2013) in Queensland, recognises that  
“Every Queenslander expects and relies on secure supplies of high-quality 
water and sewerage services to support their livelihoods and lifestyles. In 2012 there is 
an expectation that these services will be provided without detriment to the natural 
environment, at the lowest possible cost, by skilled and accountable professionals.”  
Additionally, all levels of Australian government recognise the need for 
coordinated action to transition to sustainable development, ending the extensive 
degradation of natural resources (Planning Institute of Australia, 2003). In 1994, the 
Council of Australian Governments (COAG) developed a framework for reform in the 
Australian water sector, incorporating environmental, social and economic objectives 
(Planning Institute of Australia, 2003). There also appears to be a recent trend in the water 
sector shifting its preference from traditional supply, distribution and treatment systems 
to alternative options. DEWS, for example, has recently drafted a 30-year strategy to 
create a structure that can adequately deliver ‘a water sector that supports increased 
productivity, economic growth, strong and healthy communities and a natural environment that 
is valued’ (Department of Energy and Water Supply, 2014). Table 2.1 on page 16 outlines 
the current state and strategic priorities for the Queensland water sector as drawn from 
pre- and post- consultation documents.  
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Table 2.1: Desired outcomes for Queensland water future 
(Department of Energy and Water Supply, 2013, Department of Energy 
and Water Supply, 2014) 
What we have today Strategic priorities for tomorrow 
Hard and fast customer beliefs e.g. free water 
is a right 
Customer empowerment and community 
education 
Increasing prices and varied levels of service 
across the region 
Equity and affordability 
Rising energy demands for provision of 
water 
Efficient and productive use of water 
Reliance on climate dependent water 
supplies and limited barriers to 
implementing localised solutions 
Responsible and productive water 
management 
Fragmented water sector, lacking cohesion 
and collaboration 
Skilled and sustainable water sector 
Constrained capital and regulatory barriers to 
innovation 
Smart regulation and attracting private sector 
investment 
Lack of innovation, and traditional 
infrastructure solutions 
Innovative technology and infrastructure 
 
Delivering a transition to sustainability will require innovative thinking and the 
capacity and inclination to trial alternative approaches for design and process. This 
transition will require changes to all aspects of the sector from the scientific and technical, 
to governance frameworks, to leadership and management practices. Thus, the elements 
required for achieving sector-wide change to sustainability within the Australian water 
sector are explored through this research. With respect to the challenges outlined above 
and the evolving requirements for the water sector, this dissertation also contains an 
exploration into how improved innovation practices can enhance sustainability in the 
Australian water sector. That is why the focus of this research is about uncovering the 
key elements for innovation within the sector to allow for sustainable outcomes now and 
into the future.  
2.4 SUSTAINABILITY AND SUSTAINABLE DEVELOPMENT 
The need to achieve sustainable outcomes in the Australian water sector is the core 
focus of this research. As such, the history and evolution of sustainability and sustainable 
development; the similarities and differences between the terms; and the challenges 
relative to the field are explored in this section. It should also be noted at this stage that 
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the terms sustainability and sustainable development will be used interchangeably 
throughout this research, with a justification provided towards the end of Section 2.3. 
History and evolution 
Throughout human history there has been an evolving relationship between 
human beings and their natural surroundings. For instance, during the era of Aristotle 
and the Stoics through to the end of the Roman Empire (c. 385BC – 475AD) it is believed 
that humans saw nature as a resource primarily for their use, firstly as a means of survival 
e.g. for shelter, and later as a means to thrive e.g. by domesticating nature through 
farming (Hector et al., 2014, Reed, 2003, The Natural Edge Project, 2007). During the late 
17th and early 18th Century the Industrial Revolution extended across Europe. This period 
demonstrated a dominance by humankind over nature, resulting in an unease among 
many citizens. This environmental concern paused during the first half of the 20th 
Century, being disrupted by the two World Wars and the Great Depression, but reignited 
during the 1950s and 1960s when the consequences of rapid industrialisation drew 
significant attention. During the past five decades, there has been increasing concern that 
some resources will soon run out, a problem that is exacerbated by a continuously 
increasing population and the knowledge that the actions of humans are contributing to 
the changing climate of the planet. 
Similarly, questions about limits to progress have flavoured much of the 
contemporary discourse about the effects of economic growth and globalisation on the 
world environment. This query was clearly articulated through the 1972 publication 
‘Limits to Growth’, which presented a variety of challenging scenarios for global 
sustainability (Mitcham, 1995) and at its core, argued that exponential growth cannot 
continue indefinitely. In 1987, the United Nations (UN) World Commission on 
Environment and Development, widely known as the Brundtland Commission, 
published a report called “Our Common Future”, also commonly referred to as the 
Brundtland Report. This was the first time the environment, and economic growth and 
development were linked. This report was influential across the globe, and was the 
introductory point for the term ‘sustainable development’, defined in this research as 
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“...the development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs.” 
Since its release, this has become one of the most commonly used definitions of 
sustainable development, and is the definition that informs this research. The publication 
of the Brundtland Report channelled the widespread recognition of a global economic-
environmental crisis and the need for a global response (Espinoza, 2005), and agencies 
such as World Bank, Asian Development Bank, Organisation for Economic Cooperation 
and Development became early adopters of the premise of sustainable development. 
Following the publication of the Brundtland Report, the next large influencer in the field 
was the UN Conference on Environment and Development, held in Rio de Janeiro in 
1992. Following this conference, Agenda 21 was developed, calling for full integration of 
environmental, social and economic dimensions into planning decisions (Harding, 2006). 
Similarities and differences between sustainability and sustainable development 
The terms sustainability and sustainable development are commonly used 
interchangeably and share many similarities, yet also differ in some respects. To many, 
both terms are synonymous with environmental responsibility, although they were 
intended to be considered through a systems perspective that is commonly referred to as 
the ‘triple-bottom line’ or ‘three pillar’ approach (Pope et al., 2004). This construct 
proposes placing equal importance on economy, environment (or ecology) and social 
factors where all three are interlinked, and rely on and impact one another Bossel (Bossel, 
1999) in Gagne (Gagne, 2002). The Venn diagram shown in Figure 2.1 has become a 
common graphical representation of sustainability, indicating the interlinked nature of 
the three pillars. 
• Environmental - Although, the concept of sustainability is intended to place equal 
importance on all three pillars, historically, the emphasis has been mostly on 
environmental sustainability (Moldan et al., 2012). Environmental sustainability 
means maintaining nature’s services, or life-supporting systems, at a suitable 
level, indefinitely (Moldan et al., 2012).  
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Figure 2.1: Venn diagram of sustainability 
 
• Social - Social sustainability means indefinitely sustaining social values, identities 
and relationships into the future, (Black, 2004 in (Moldan et al., 2012)) while also 
meeting individual needs such as health, wellbeing, nutrition, shelter, education 
and cultural expression (Gilbert, 1996 in (Moldan et al., 2012)). 
• Economical - Economic sustainability means maintaining a defined level of 
economic production indefinitely, by using existing resources to the best 
advantage over the long-term.  Economic sustainability focuses on various kinds 
of capital including man-made, natural, human and social (The World Bank, 
2006 in (Moldan et al., 2012)). 
In terms of differences between the terms, Hector (2014) argues that “sustainability 
is often considered to represent some end-state or long-term goal, and sustainable development is 
a means to achieving sustainability” (Clayton and Radcliffe, 1996; Basiago, 1995; Loorbach 
and Rotmans, 2006; Bagheri and Hjorth, 2007; Waas et al., 2012; Lozano, 2008) in (Wall, 
1994 in Hector et al., 2014). However, he also reasons that although this is a common way 
to relate the terms, it may not be the most appropriate way to do so. He contends that the 
term sustainability developed from the Romantic movement of the 18th Century, when 
there was a deep belief that nature had a sacred position and human beings should live 
in harmony as such. Sustainable development on the other hand, stems from a more 
pragmatic position, having its origins in conservationism. The similarities and differences 
between the two terms have been synthesised and outlined in Table 2.2. 
Economic
EnvironmentalSocial
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Table 2.2: Similarities and differences between 'sustainability' and 'sustainable 
development' 
 Sustainability Sustainable development 
Si
m
ila
ri
tie
s 
Synonymous with environmental responsibility 
Origins in the triple-bottom line construct encompassing environmental, social and 
economic factors 
D
iff
er
en
ce
s 
An end-state A means to achieving sustainability 
Developed from the Romantic movement Developed from conservationism 
Belief that nature has a special sacral status 
Belief that humankind has a special moral 
status 
Nature is sacred and must be preserved. 
Humans should live in harmony with it 
Environmental resources should be 
preserved to maintain availability for 
future generations of human beings 
 
After considering the terms sustainability and sustainable development, it was 
observed that any differences between the terms are predominantly in their origins. 
These differences do not extend to current discourse on the topics, where authors 
commonly use the terms interchangeably. For ease of communication, this dissertation 
will follow this trend and continue to use the terms interchangeably. 
Challenges relative to the field 
The concept of sustainability is still an emergent paradigm and has been criticised 
for being ‘too broad and controversial’ (Galdwin et. al, 1995 in (Espinoza, 2005)). As a 
result of the vagueness and resultant overuse of the term, Fuller (2010) argues the concept 
has been devalued to the point where it has become a cliché, to many. In 1990, Herman 
Daly famously commented that the term sustainable development was an oxymoron, 
suggesting that in order to achieve sustainability, a devolution of development and in 
turn social well-being would be required. This view has been repeated in literature by 
some authors including Robinson (2004) and Balakrishnan, et al. (Balakrishnan, 2003); 
however, has been disregarded by the majority of the field.  
A review of results since the release of the Brundtland Report and the Rio Summit 
indicate that while some progress has been made in this space, the field still faces 
challenges. For instance, although sustainability has gained acceptance across much of 
the world, it is still often considered in conjunction with the environment, without 
adequate deliberation of economic or social concerns (Drexhage and Murphy, 2010, 
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United Nations Department of Public Information, 2012). As the focus of this research 
centres on the pursuit for sustainability in terms of environmental, social and economic 
interests, a novel approach is required to achieve this. That is why the water sector is 
considered through the lens of innovation theory in an attempt to uncover the key 
elements for innovation, contributing to sustainable outcomes for the sector. 
2.5 INNOVATION THEORY AND SECTORAL SYSTEMS 
OF INNOVATION 
There are various theoretical approaches that may be used to understand the 
sectoral transition to sustainability, including organisational change theory, evolutionary 
theory, transition theory and innovation theory. Of these, organisational change theory 
and innovation theory appeared most appropriate for the scope of this research and were 
examined in more detail herein.  
Organisational change theory considers contemporary trends in organisational 
development to i) define the factors that comprise successful and unsuccessful change 
efforts and how these relate to organisational effectiveness ii) understand contextual 
issues – primarily focusing on conditions in an organisation’s external (e.g. government 
regulations, technological advances) and internal environments (e.g. degree of 
specialization, experience with previous change) iii) consider process issues – actions that 
occur during a period of organisational change, and iv) criterion issues – dealing with 
outcomes of organisational change (Armenakis and Bedeian, 1999). While considering 
this research through the lens of organisational change theory may be a sufficient fit, this 
lens would incur some limitations to the scope of this research. Specifically, 
organisational theory is focused on the attributes and the responses of discrete 
organisations undergoing change process. However, within this particular research it is 
possible that different organisations will respond differently to similar change stimuli. 
Rather than looking at independent organisational responses, this research is also 
interested in the elements conducive to evoking change within an entire sector. 
Innovation theory is based on the notion that the innovation process must be 
viewed as changes in a complete system – not only of technology, but also of market, 
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knowledge and societal contexts (Kline and Rosenberg, 1986). This body of work has 
evolved to incorporate economic and sociology as well as science, technology and 
engineering perspectives (Nelson and Winter, 1977). As such, the definition of innovation 
used in the context of this research is “the introduction of new products and technologies in 
addition to activities that promote knowledge transfer and other actions that affect an organisations 
business activities.” Based on a brief review of possible theories, innovation theory was 
selected as the most appropriate lens through which to explore the transition of the 
Australian water sector to being a sustainable system. One of the key reasons for this 
choice, is the inclusion of sectoral systems of innovation literature located within the body 
of innovation theory. Sectoral systems of innovation provide a useful frame of reference 
for considering the water sector and will be further explored in Section 2.4.1.  
While there is a substantial collection of literature around innovation, and another 
separate collection around sustainability and sustainable development, less is known 
about the intersection between the two bodies of work. Much of the literature on 
innovation has emerged from the economic or business theory spaces and is thus heavily 
focused on the economic aspects of innovation. An attempt has been made through this 
research, to broaden this perspective to also consider the non-economic impacts and 
benefits of innovation, and to add environmental and social dimensions to the mix, as I 
have graphically demonstrated in Figure 2.2. There have been some recent steps towards 
expanding the scope of innovation beyond its economic origins, particularly through 
environmental innovation. Some authors such as Horbach (2008) and Rehfeld (2007) have 
begun to explore the concept of environmental innovation as an extension to innovation 
theory. This school of thought consists of “new or modified processes, techniques, systems and 
products to avoid or reduce environmental damage” (Kemp and Arundel, 1998). Despite this 
progress, there still remains a gap between innovation theory and the field of sustainable 
development, which considers economic, environmental and social factors equally. In 
this research, innovation for sustainable development will be considered as an extension 
of the innovation research, where sustainable development is seen as being the specific 
focus or outcome of this research. 
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Figure 2.2: Traditional innovation vs Innovation for sustainable development 
(Original image) 
 
2.5.1 THE EVOLUTION OF INNOVATION THEORY 
Although the first contribution to the innovation field was published by 
Schumpeter in 1912 (in German) and 1934 (in English) (Fagerberg, 2012a); innovation 
theory did not really begin to emerge as its own field until around the 1960s. 
Schumpeter’s early work (1934) centred on the role of the individual entrepreneur as the 
‘personification’ of innovation (Hagedoorn, 1996) (Anderson, 2012), in contrast to his 
later work published in 1942, which argued that innovation is driven by competition 
between large companies in an oligopolistic (a small number of large companies that 
dominate a market) environment  (Anderson, 2012). While all of his works were 
influential, it was Schumpeter’s early work focusing on the importance of the interaction 
between individual entrepreneur’s and large companies in the development of 
innovation that garnered the most interest from later contributors to the field (Anderson, 
2012). In fact, many concepts that are central to the innovation field at present stem back 
to Schumpeter’s early work (Fagerberg, 2012b). 
In the early stages of the emergence of innovation theory, the leading researchers 
in the field came from social science backgrounds, particularly economics and sociology. 
However, since the establishment of the Science Policy Research Unit (SPRU) at the 
University of Sussex in 1966, the field expanded to become more inter- and multi-
disciplinary (Fagerberg, 2012a). The establishment of this research unit was highly 
influential in shaping the direction of the innovation field; expanding the school of 
thought to include science, technology and engineering, as well as steering the analysis 
of innovation to consider not only the creation of new ideas, but also the adoption of these 
within our social and economic systems  (Fagerberg, 2012a). Rogers initiated the inquiry 
Innovation for 
sustainable 
development 
Economic 
benefit 
Environmental 
benefit 
Social 
benefit 
Economic 
benefit 
Traditional 
innovation 
Literature review  
 Page 24 
 
into adoptions of new ideas through his book, Diffusion of Innovations, which was first 
published in 1962. This gave rise to the school of thought that innovation and adoption 
are two separate processes, which has become the bases for numerous researchers in the 
field, and is the school of thought this research adheres to. According to Rogers (Rogers, 
2010), there are five key factors affecting the diffusion of innovation: relative advantage, 
compatibility, complexity, trialability, and observability. These are explored in the 
context of the Australian water sector, throughout this research. 
In 1974, Freeman published The Economics of Industrial Innovation, a synthesis of the 
knowledge of innovation at the time, and initiated the study of technological innovations 
and their part in social innovation systems. In 1982, Nelson and Winter published what 
is arguably the most influential contribution to the innovation field to date, with their 
book, An Evolutionary Theory of Economic Change, building on the concepts laid out by 
Freeman, to develop an evolutionary theory about how companies operate in a market 
environment and in cases of economic change (Fagerberg, 2012b). By the end of the 1980s 
innovation research began to move into a new space, where rather than focusing just on 
innovation in companies, attention shifted to the role of innovation in the national and 
regional development and the larger economy (Fagerberg, 2012b). This literature cluster 
has become known as “Innovation systems” and will be explored further throughout this 
section. Essentially, the more recent focuses of innovation theory have had the greatest 
influence on this research, which is exploring the implementation and role of innovation 
across the entire water sector, and the interactions between regions, organisations and 
individuals within the sector. 
A subject specific group of literature emerged from this innovation theory cluster, 
focusing on innovation systems at the sectoral level. This conversation escalated in 1984, 
after Pavitt (Pavitt, 1984) released his publication, Sectoral patterns of technical change: 
Towards a taxonomy and a theory, where he commenced the development of a theory to 
describe technical change in sectors. Prior to 1990, much of the literature around 
innovation (excluding Pavitt’s 1984 contribution) had focused at the level of the 
individual organisation. However, during the mid-1990s a shift occurred and the focus 
of investigations around innovation broadened, from individual organisations to 
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networks of organisations, and the field around systems of innovation began to emerge. 
This field explored innovation at a macro i.e. sectoral and societal level. This approach 
owes a lot to the influence of Freeman, who was the first to introduce the notion of a 
‘national innovation system’ in 1987 (Fagerberg, 2012a). According to Geels (2004) 
systems of innovation can exist at several levels: national, sectoral, regional. This research 
predominantly considers the sectoral level of innovation with respect to the water sector. 
The definition, or what is meant by the term ‘sectoral system’ has been evolving 
since the field emerged during the 1990s. Malerba (2002) proposed a rather concise 
definition for a sectoral system of innovation (SSI) as 
“…the set of agents or actors carrying out market and non-market interactions 
for the creation, production and sale of those products.” 
Two years later, Geels (2004) expanded on this definition, proposing the following, 
which most wholly represents the scope of this research 
“A system (group) of companies actively involved in developing and making a 
sector’s products and in generating and using a sector’s technologies; such a system of 
companies is related in two different ways: through processes of interaction and 
cooperation in artefact-technology development, and through processes of competitions 
and selection in innovative and market activities.” 
In other words, a sector can be defined as a set of activities that is unified by some 
related product or demand, and which share some basic knowledge (Malerba, 2005). 
2.5.2 MAKE-UP OF SECTORAL SYSTEMS 
It is suggested within the literature around innovation theory that the structure for 
innovation tends to be quite complex within a sector, and varies greatly between sectors, 
which means that the characteristics of innovation within one sector may not be true for 
another. For instance, the characteristics for innovation within the energy sector, may be 
very different to those within the water sector or the chemical sector (Malerba, 2005, 
Nelson and Winter, 1977). Also, the organisations within a sector will usually have some 
similarities, but are also varied. The heterogeneous nature of organisations within a 
sector is likely the reason that innovation is such an interactive and interdisciplinary 
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process. Malerba (2005) notes that companies do not innovate in isolation. They interact 
with other companies, universities, government agencies, institutions, etc. within a 
sector. Malerba (2005) developed a framework for a SSI, composed of three main building 
blocks: a knowledge base and technologies; actors and networks; and institutions. This 
framework is inspired by evolutionary theory and the innovation systems approach. 
Any type of sector could be recognised by its specific knowledge base, 
technologies or inputs. Aside from being a defining factor of a sector, this knowledge and 
associated technologies can become a constraint on the diversity of organisations within 
it. So, links and complementary relationships between organisations play a major role in 
defining the boundaries of a sectoral system (Malerba, 2005). A sector is composed of 
actors (individuals and organisations), who carry out market and non-market 
interactions to create, develop and diffuse new products (Malerba, 2005). Individuals 
may include consumers, entrepreneurs or scientists for example, and organisations may 
include companies and non-profit organisations such as users, producers, suppliers, 
universities and governments. These actors interact through communication, exchange, 
competition, cooperation and command (Malerba, 2005). The actions and interactions of 
actors are shaped by institutions, which can range from formal to informal and include 
laws, regulations, standards, through to established practices, norms or common habits. 
These may be national, or specific to sectoral systems (Malerba, 2005). Although not 
formally recognised as one of the building blocks of sectoral systems, demand is another 
key element. It is necessary to note that in sectoral systems demand is not viewed as a 
group of similar buyers (as in most economic based theory) but is rather viewed as a 
diverse group of actors whose interactions are shaped by institutions (Malerba, 2005). 
Complementary to their structure, the boundaries of sectoral systems can either be 
defined broadly e.g. pharmaceuticals, chemicals, telecommunications, software (as 
represented by knowledge and technologies) or by using a more disconnected approach, 
where they include interdependencies among related industries and are not fixed, but 
rather change over time (Malerba, 2002). The geographic boundaries are also an 
important element to be considered, as national boundaries are not always the most 
appropriate for examining the dynamics of these systems, which can be highly localised. 
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However, national innovation systems can also play a major role in affecting sectoral 
patterns of innovation. For example, technological entry into Germany and Japan is 
generally lower than for the United States and United Kingdom (Malerba, 2002). 
2.5.3 INTRICACIES OF SECTORAL SYSTEMS 
There are a number of intricacies that are specific to sectoral systems of innovation, 
and which are important to note when considering the workings of such systems. For 
one, the sectoral systems of innovation approach traditionally has a strong focus on the 
development (R&D) of innovations, paying less attention to the diffusion and use of such 
innovations. Geels (2005) recommends the need to consider both elements of innovation 
equally. This suggestion has previously been identified by a range of other scholars in 
innovation studies and can be considered an ‘open issue’ in the field. As such, balancing 
these two elements will be the approach taken in this research.  
Additionally, SSI can be considered within the bounds of socio-technical systems, 
bringing an additional perspective to the interactions within them. Geels (2004) was the 
first to widen the discussion about sectoral system of innovation to include socio-
technical systems by explicitly incorporating the user side in analysis. Nelson and Winter 
based their seminal paper on the foundation of ‘technical regimes’, which, according to 
Geels (2005) create stability, as engineers search and work in similar directions. Geels 
expanded on this to consider sectoral systems of innovation within the bounds of socio-
technical systems, which, not only relate the activities of engineers, but also of other social 
groups (Geels, 2005). These groups are independent, yet interact to create coordination 
and alignment. The water sector could be considered a socio-technical system, and Figure 
2.3 on page 28 has been developed for the purpose of this research to demonstrate the 
social groups that form this regime. 
The diffusion of an innovation can be influenced by the behaviours of actors 
(individuals or organisations) within a sector in a variety of ways. In particular, five 
behaviors as identified from prior studies, are described below. These are: collaboration, 
professional approval, following intra-regional leaders, the power of sector professionals, 
and prevention of adoption, each of which are explored herein. 
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Figure 2.3: Formation of the socio-technical systems for the water sector 
(Original image) 
 
Collaboration 
In many sectors, it is common for a range of organisations, for-profit and non-
profit, government and research to be doing different things, yet interacting in a mutually 
beneficial manner. For example in medicine or agriculture, private for-profit 
organisations do the majority of the R&D associated with marketable products, however, 
academic institutions create the majority of basic knowledge and data used for the more 
applied work (Nelson and Winter, 1977). Furthermore, in sectors that have strong 
scientific underpinnings, organisations other than private companies in the sector have 
played a major role in developing that science. This often comes in the form of 
universities and the fields of science are defined by academic interests (Nelson and 
Winter, 1977). 
Professional approval 
In many sectors, professional organisations judge the merit of new innovations 
through a professional ‘stamp of approval’, which is often the only criteria for merit 
available to a non-professional. For example, Mohr’s 1969 study into the adoption of new 
practices in the public health sector found that doctors would consult with each other 
aiming for professional consensus guided by the judgment of key experts. Therefore, 
professional approval is one of the key contributors for the diffusion of innovations 
among sectors. 
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Follow intra-regional leaders 
A study by Walker in 1969 about lead and lag patterns of the adoption of new 
programs across US state governments indicated that the states unofficially formed 
regional groups, which had intra-regional leaders (usually the more populous, 
metropolitan, wealthy states). The other states in a region looked to these ‘leaders’ for 
references and models. This is an intra-regional leadership model is a key indicator for 
how sectors can act during the diffusion of innovations. 
Power of sector professionals 
In Mohr’s 1969 study into the adoption of new practices in the public health sector, 
it was determined that the rate of adoption was positively linked to the degree to which 
public health professionals were in control of key office. So, where public health 
professionals, as opposed to central government officials had decisionary and budgetary 
control, the rate of adoption was faster. However, both of these studies also indicated that 
budgetary constraints imposed by state political systems had a significant impact on the 
inclination for decision makers to adopt progressive programs, even when regional 
‘leaders’ had previously done so. 
Prevention of adoption 
Where the situations described above demonstrate the positive influence elements 
of the sector can have on the presence of innovation within it, they can also have a 
negative impact on the rate of diffusion. A classic example was the spread of fluoridation 
across American cities during the 1950s, where the ‘firms’ or organisations had a bias 
toward the innovation based on the technical appropriateness, yet consumers still 
resisted it. In Crain’s (1969) study of this situation, he noted that at first the spread of 
fluoridation occurred quite rapidly, in the context where local health professionals were 
the decision makers. As, over time, fluoridation became a more political issue, mayors 
began taking the decision making power out of the hands of the health professionals and 
the adoption slowed significantly. Later, citizen referendum became a common vehicle 
for decision making, which brought the spread of fluoridation to a virtual halt (Nelson 
and Winter, 1977). This case can be effortlessly related to the recycled water situation in 
the regional Queensland town of Toowoomba. Although, readily supported by the 
professionals for its technical appropriateness in a time of serious water scarcity, the 
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consumers publicly opposed the innovation. Ultimately, a referendum was held where 
62% of residents voted against the proposed recycled water scheme and the project was 
abandoned (Hurlimann and Dolnicar, 2010). These examples demonstrate that who the 
decision makers are can have a significant impact on innovation within a sector. 
Overall, the advent of the field of sectoral systems of innovation at the end of the 
20th Century was an important step towards understanding how innovations spread and 
stick within sectors. While significant literature exists, in which the components and 
intricacies of sectoral systems in general are outlined, there is still limited knowledge 
about how these remain consistent or change within different types of sectors. Exploring 
the elements and intricacies of systems within the Australian water sector is of particular 
interest in this research, as a means to understanding how these interactions can shape 
and contribute to sustainable outcomes within the sector. 
2.6 FACTORS AFFECTING INNOVATION FOR 
SUSTAINABILITY 
Despite multiple and varied proven technology options and well performing 
demonstration projects in existence, there has been limited success in cohesively 
implementing many innovations into mainstream designs and processes in the water 
sector (Brown, 2012). There are numerous reasons for this lack of integration. This section 
contains an outline of the factors that affect the creation and diffusion of innovation that 
were discovered in literature. These factors include both those of a general nature, as well 
as those that are specific to the water sector. Figure 2.4 was created to illustrate these 
factors and where they sit in relation to one another in terms of creation and diffusion, 
and general and specific. Each of these factors is further described herein. 
1. Organisational factors 
Organisational factors refer to the capability of individuals and divisions within a 
firm to seek out and implement appropriate innovations, in terms of both managerial and 
technical capacity. This also refers to the structures within the firm that either do or do 
not support experimentation. For example, having a ‘champion’ of an innovation in a 
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position of power at the top can make it a priority and assist in securing the necessary 
resources for implementation.  
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Figure 2.4: Factors affecting innovation for sustainability in literature 
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2. Cultural factors 
Some individuals, firms, industries or nations are more resistant than others to 
change and new technologies. This can be due to the culture around risk, failure, 
challenging status quo, etc. This culture may also be associated with incentives for 
innovative activities. In an empirical investigation into transformation in the Australian 
water sector, Farrelly and Brown (2011) explored the notion of an embedded culture of 
risk aversion within the sector. This study revealed a ‘fear of failure’ limited 
experimentation in the water regime. 
3. Regulatory factors 
These are a product of the regulatory requirements within regions or sectors. In 
some instances, regulations can impose specific technological approaches upon 
organisations or prevent the adoption of others. Regulations can be in the form of policy, 
approvals, standards, and economics. Commentators among the Australian water sector 
indicate that existing regulatory structures encourage compartmentalisation of 
infrastructure provision, which may hinder efforts to respond and adapt to complex 
challenges (Brown, 2012). Although environmental, population and financial conditions 
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are very specific to local government areas, local councils are constrained by state and 
federal mandates, that often hinder their ability to integrate more holistic, sustainable 
approaches in local areas (Nelson, 2012). In a 2011 review of the Australian water sector, 
the National Water Commission highlighted issues around the implementation of 
economic regulation in water utilities, specifically that conflicting objectives hamper their 
ability to operate efficiently, let alone offer the capacity to implement innovations 
(National Water Commission, 2011). Furthermore, regulations usually determine 
performance criteria for water utilities (for water quality, reliability, environment etc.) 
and monitor using comparative performance levels taken at a state and national level. 
4.  Economic and financial factors 
These factors are most commonly cited in literature as barriers to innovation due 
to financial or capital constraints of an organisation. Economical and financial factors 
refer to all associated costs for innovations including conception, development, 
experimentation, operation, training, and profit or loss associated with successes and 
failures. Historically, there has been a perception that environmentally sustainable 
options come at the expense of social and economic good (Nelson, 2012), or that upfront 
costs are high and a financial return can only be made over a long-term timeframe 
(Nidumolu et al., 2009). However, this is not necessarily the case, with recent research 
indicating that new technologies and design approaches can actually be cheaper than 
traditional approaches from the outset or provide additional quality, reliability and 
services for much the same cost (Nelson, 2012). Water infrastructure in developed 
countries presents another difficulty resulting from existing, ageing, inefficient capital 
infrastructure (Matus et al., 2012), which can often require ongoing investment to 
continue to provide for the public, leaving a reduced budget for research and 
development. 
5. Path-dependence factors 
Path-dependences are caused by the implementation of earlier technologies that 
require new technologies to interface with existing infrastructure or processes. Path-
dependences are typical in socio-technical systems such as the water sector, where people 
communities, supply chains and infrastructures are created and emerge around the 
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system. These complex linkages make it difficult and undesirable to change the 
technology in any substantial fashion and technology can become rigid (Geels, 2004). 
6. Market factors 
Competition between organisations driven by market forces or market-like 
instruments is essential to encouraging innovation. Where a market is too small, too 
crowded, or monopolies, network effects or other failures occur, it can be difficult for 
innovators to recoup the cost of their investment. 
7. Rogers diffusion factors 
Rogers’ diffusion factors cover the five key elements for the successful diffusion of 
innovations. These are relative advantage, compatibility, complexity, trialing, and 
visibility. Relative advantage refers to how superior a new innovation is perceived to be 
by prospective users or customers, compared to the existing technology. The relative 
advantage of an innovation can affect the rate of adoption. Compatibility, on the other 
hand, is similar to path-dependence, except rather than being dependent on existing 
technologies and infrastructures; it relies on consistency with the existing values and 
needs of users. Specifically, incompatibility with such vales can be a key barrier to 
diffusion. Complexity factors also come down to the perception of users and influencers, 
and refer to the perceived difficulty to use or understand a proposed innovation, which 
can affect the decision to adopt it. Trialing factors refers to the level of difficulty involved 
in testing and experimenting with a new innovation. This may include factors such as the 
level of effort, risk, time, and cost. Finally, visibility or observability is the extent to which 
the results of an innovation are seen and understood by others. This may also be 
described as the ability to demonstrate results. 
8. Time factors 
The project based nature of the construction (and water) sector combined with the 
drive for short project delivery periods, shapes the direction of construction and can 
create a situation that favours proven technologies over new innovations that may 
require time to research and develop (Matus et al., 2012, Salter and Gann, 2002, Stone, 
2010).  Furthermore, this project based nature means that organisations can struggle to 
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transfer key learnings from past projects into new development. Salter (Salter and Gann, 
2002) also argues that more focus needs to be placed on time management to encourage 
innovation in project based environments. 
9. Policy factors 
Malerba (2005) suggests that fostering innovation and diffusion in a sector may 
require more than just technology and innovation policies. Additionally, a wide range of 
supporting policies may be required including science, industrial, competition and 
standards policies. It is therefore important that all policies have interdependencies, links 
and feedback (Malerba, 2005). Hall et al. (2003) contend that research and development 
is always embedded in social, political and institutional contexts. 
10. Scalability factors 
A paper released by the Office of the Chief Scientist of Australia (Office of the Chief 
Scientist, 2012) notes that although numerous programs for innovation exist, large scale 
adoption of innovations is still lacking.  The paper further suggests that the reason for 
this lack of adoption is not due to the quality, delivery or implementation of the 
programs, but the scale at which they are implemented (Office of the Chief Scientist, 
2012). This paper asserts that while the incremental approach to change may be safer, it 
is also very likely the reason we have seen such little adoption of innovations in the 
infrastructure design space.  
This section contained an outline of 10 factors that have been said to impact 
innovation in the literature. Each of these factors will be further explored throughout this 
research as a basis for investigation into the key elements for innovation, specific to the 
Australian water sector that will contribute to sustainable outcomes for the sector. 
2.7 SUMMARY 
The imperative for the Australian water sector to transition to sustainable 
operations was delineated in the above literature review. The Australian water sector in 
particular, has always been exposed to variability that the landscape and climate bring; 
and based on the projections of future challenges in the sector, continued and increased 
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responsiveness and adaptability will be essential to ensuring a sustained level of service 
now and into the future. Furthermore, an increasing societal expectation for sustainable, 
resilient, efficient systems means that innovative approaches are required for the sector 
to deliver appropriate service.  
While understanding around the term sustainability remains vague, the essence of 
the concept is clear: sustainable outcomes are those that provide social, environmental 
and economic benefit for societies; and provide for the needs of the present without 
compromising the ability of future generations to meet their own needs. Achieving such 
outcomes is a complex task, requiring a sector-wide approach, and it is through this 
research that one method of achieving these outcomes is through the effective 
implementation of elements stemming from innovation theory. 
Providing outcomes that meet the advancing needs of modern society will require 
a transition away from traditional methods of supply, treatment, governance and 
regulation. Innovation theory provides a framework through which this transition may 
be achieved. Specifically, the sector-wide transition that is required in the Australian 
water sector indicates that the theory around sectoral systems of innovation is directly 
applicable to this research. However, while some general elements that are conducive or 
inhibitive to innovation are known, little is understood about how different elements 
particularly affect specific sectors, such as the water sector. As such, this research contains 
an exploration of the key elements that impact innovation in the Australian water sector 
as a view to achieving sustainable outcomes for the sector. This is vital to improving the 
understanding of interactions within the sector and the impact they can have on the 
introduction of innovative processes and technologies. Additionally, the findings from 
this research fill a gap in the understanding of how elements for innovation apply to 
specific sectors such as the water sector. 
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CHAPTER 3: METHODOLOGY 
“What we observe is not nature itself, but nature exposed to our method of 
questioning.” 
                    Werner Heisenberg 
3.1 INTRODUCTION 
This chapter comprises a detailed description of the approach that has been used 
in this research to respond to the central question about how innovation can influence 
the transition to sustainable operations in the Australian water sector. Pursuing this 
approach allowed for investigation into the barriers, drivers, and enablers within the 
current paradigm of the Australian water sector. This helped to provide a better 
understanding of the current situation, including the key indicators for what is required 
for researchers, industry and government to enhance innovation in the Australian water 
sector. 
An explanation of the research paradigm or worldview through which this 
research has been undertaken is contained in Section 3.2. Furthermore, a snapshot of the 
conceptual framework is presented, along with a justification of why it is the most 
appropriate fit in the context of the research aim and questions. Within Section 3.3, each 
of the individual research methods have been explored in greater detail, expressing the 
purpose, process and analysis for each method. The strengths, limitations and design of 
the Delphi technique are explored in this section, before the rationale for using this 
method is presented. Section 3.4 includes a discussion about how reliability, validity and 
generalisability were maintained throughout this research. Section 3.5 comprises the 
details of the research ethics involved in this investigation, and Section 3.6 contains the 
limitations of this research including the limits of the methodology and techniques, time 
and resource constraints and the defined limits of the research. 
The design and methods chosen for this investigation were selected as the most 
appropriate methods to respond to the following research questions: 
1. Which three barriers, drivers and enablers for innovation in the Australian water sector 
would provide most potential benefit from investigation? 
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2. What are the key elements for innovation in the Australian water sector? 
3. What are the significant similarities and differences between research, industry and 
government? 
4. Is the Delphi technique appropriate for foundational research of this nature? 
3.2 RESEARCH DESIGN 
The research design covers the research paradigm or worldview that shapes the 
researchers’ approach to the investigation; the research approach chosen, including the 
advantages, disadvantages and justification for the choice; and the framework that has 
been designed to undertake this research.  
3.2.1 RESEARCH PARADIGM 
The research paradigm creates the foundation for the entire investigation, 
including the role and function of the researcher as well as underpinning the research 
design. Creswell and Plano Clark (Creswell, 2011) contend there are four research 
paradigms that primarily inform research design, being postpositivism, constructivism, 
participatory and pragmatism as outlined in Table 3.1. 
Table 3.1: Four major paradigms    
Adapted from: Creswell and Plano Clark (2011) 
Paradigm Description 
Postpositivism 
• Often associated with quantitative approaches (Creswell, 2011) 
• Assumes that the objective or ‘real’ world exists, but that a 
researchers ability to know or understand reality with certainty 
is not possible because her education, background and life 
experiences will influence her conclusions (Grbich, 2007) and 
(Krauss, 2005) 
Constructivism 
• Often associated with qualitative approaches (Grbich, 2007) 
• Assumes that knowledge is developed through the meanings 
attached to the phenomenon being studied  (Krauss, 2005) 
• Views reality as multiple (Creswell, 2011) 
Participatory • Often associated with qualitative approaches (Creswell, 2011) 
• Influenced by political concerns (Creswell, 2011) 
Pragmatism 
• Typically associated with mixed methods research (Creswell, 
2011) 
• Focuses on practical solutions to answer a research question 
(Grbich, 2007) 
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This research lies within the postpositivist paradigm under the label critical 
realism, where:  
Critical realism is a perspective that supports both quantitative and qualitative 
approaches  (Creswell, 2011) (Krauss, 2005) and contends that there is a real world that 
exists independent to our perceptions, but that our understanding of the world is a 
construction based on our own perspectives (Creswell, 2011). Critical realism is founded 
on the assumption that reality is complex and no one truth exists. This philosophy 
considers that all observation contains error, underlining the importance of multiple 
measures, each of which may possess different types of errors (Trochim, 2006).  
Postpositivism research often incorporates the triangulation of multiple measures 
of observation in an attempt to offer a more accurate perspective of a situation, with the 
presumption that the strength of one method may intersect with an area of weakness in 
another (Sharma, 2009). Therefore, in an attempt to capture the most accurate findings 
possible this research will be based on multiple methods of investigation including a 
review of existing literature, questionnaires and interviews. 
3.2.2 RESEARCH APPROACH 
The methods selected to investigate the research problem were largely influenced 
by the research approach, which according to (Grbich, 2007), can range from iterative, to 
subjective, to investigative to enumerative. Table 3.2 on page 46 outlines the differences 
between these four approaches. This research uses an iterative approach to considering 
the research problem, where continuous feedback is used to inform each stage of the 
investigation. For instance, this research began with a questionnaire, the results of which 
informed the next phase of the enquiry, being a qualitative semi-structured interview. 
Through the interviews, the researcher attempted to build a deeper understanding than 
the questionnaire allowed and to generate a theory that explained the questionnaire 
results. The results from the semi-structured interviews went on to inform the 
development of the Delphi study with each round informing the next. 
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Table 3.2: Descriptions of various research approaches  
Adapted from: (Grbich, 2007) 
Approach Description 
Iterative 
• Seeking meaning and developing interpretive explanations through 
processes of feedback 
• Post data collection, thematic analysis often occurs ie data are 
grouped and re-linked to consolidate meaning 
E.g. grounded theory, basic hermeneutic approach, ethnography, etc. 
(p21) 
Subjective 
• Where there is a focus on you, the researcher and what takes place 
within your mind 
• Reflective journal, regular debriefing 
E.g. auto ethnography, heuristic phenomenology (p22) 
Investigative 
• Uncovering previously hidden information relating to languages 
within their cultural contexts 
E.g. structural, post-structural, etc. (p23) 
Enumerative 
• Listing or classifying items by percentages, frequencies, ranked 
orders, etc. 
• Objective accounts of the content of verbal, written, visual texts; the 
development of codes or categories, usually prior to analysis; and 
definition and measurement of units and analysis 
• Tools: flowcharts, logical reasoning processes, seeking links between 
causes and antecedents, word frequency, keywords and incidence 
counting 
E.g. quasi-statistical, transcendental realism, matrix analysis (p24) 
 
Complementary to using an iterative approach, a mixed methods research 
approach has been selected. The critical realism aspect of the postpositivism paradigm 
that guides this research is based on the idea that all research is fallible. Within this 
context, it is therefore important that multiple methods of observation are adopted in an 
attempt to triangulate, or seek complementary information, in order to offer a more 
accurate or broader perspective of reality. This supposition is based on the idea that the 
strength of one method may intersect with an area of weakness in another (Sharma, 2009). 
Furthermore, the critical realism paradigm allows the researcher to move freely between 
quantitative and qualitative methods of data collection, with the dichotomy of the two 
approaches being replaced by the alternative ‘mixed-methods’ approach, which is 
considered appropriate based on the research topic of interest and level of existing 
knowledge pertaining to it (Krauss, 2005). There are multiple types of research problems 
that are suited for mixed methods designs, including those where one data source may 
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not be sufficient, exploratory findings need to be generalized due to newness of a 
particular area, or an overall research objective is best addressed using multiple phases 
or projects (Creswell, 2011). The qualitative element of the mixed methods research is 
further defined as research that provides an access for the researcher to uncover and 
understand what lies behind any situation about which little is known. Types of 
qualitative research methods include: interviews, case studies, observations. Corbin and 
Strauss (1998) describe qualitative analysis as  
“…a process of examining and interpreting data in order to elicit meaning, gain 
understanding, and develop empirical knowledge.” 
Quantitative research on the other hand is about collecting numerical data to 
explain a particular question. Types of quantitative research methods include: 
questionnaires, experiments and models. Aliaga and Gunderson (2005) define 
quantitative analysis as 
“…explaining phenomena by collecting numerical data that are analysed using 
mathematically based methods.” 
Table 3.3 on page 48 outlines the contrasting attributes of the qualitative and 
quantitative research methods. 
There is a growing consensus among researchers arguing the strength in 
combining multiple research methods (Attawell and Rule in Bennett, 2004, Gable, 1994). 
Gable (1994) argues that combining the case study and survey approaches in complex 
research may reap many benefits including a rich source of qualitative data to aid in the 
interpretation of quantitative findings, and further triangulation, or cross-checking of 
discovery. However, according to Erzberger & Kelle (2003, 469-470) in Bergman (2008a) 
it is no longer sufficient to justify mixing methods in order to ‘produce a fuller picture of 
the study domain’, thus each research method used in this investigation has been selected 
to best answer a specific research question.  
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Table 3.3: Contrasting attributes of qualitative and quantitative research methods  
Adapted from: (Bergman, 2008b) 
Qualitative research Quantitative research 
A belief in a singular, multiple or no 
constructed reality/ies 
A belief in a single reality 
The inability to separate the researcher 
from the subject 
The ability and necessity to separate the 
researcher from the subject 
The impossibility to conduct research and 
interpret the findings objectively 
The ability and necessity to conduct value-
free research 
The centrality of the context to the research 
process and findings 
- 
The impossibility to generalize research 
findings beyond the limits of the immediate 
context 
The ability to generalize findings beyond 
the contextual limits of this research 
The impossibility to distinguish between 
cause and effect 
The pursuit of identifying universal, causal 
laws 
The focus on inductive, exploratory 
research approaches 
- 
The tendency to work with small, non-
representative samples 
The tendency to work with large, 
representative samples 
The belief that research should be non-
reductionist 
The emphasis on deductive research with 
falsifiable hypotheses and formal 
hypothesis testing 
 
As can be discerned from Table 3.3 qualitative and quantitative research designs 
are fundamentally different approaches to the research process (Bergman, 2008b). One of 
the main advantages of adopting a mixed methods research approach is the flexibility it 
affords the researcher in having the ability to adopt the most appropriate method/s 
whether quantitative or qualitative in nature, to respond to complex research questions 
that cannot be solved by one method alone(Creswell, 2011). An historic argument for 
mixed methods research is that the design allows for strengths that offset the weaknesses 
of both quantitative and qualitative research methods (Creswell, 2011). This argument, 
however, is divergent to the views of qualitative and quantitative “purists”, or those who 
subscribe to the view that paradigms cannot be combined (Bergman, 2008b). Looking at 
the characteristics of each paradigm, Bergman (2008) observes how incompatible they 
appear to be – raising the same concern that was the premise of the paradigm wars of the 
late 1900s. Contrary to this position, many researchers, most notably: Sieber (1973); 
Denzin (1978); Jick (1979); Cook and Reichardt (1979); Bryman (1988); Greene, Caracelli, 
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and Graham (1989); Brewer and Hunter (1989); Tashakkori and Teddlie (1998);  Johnson 
and Onwuegbuzie (2004); Plano Clark and Creswell (2008); Greene (2008); Creswell 
(2009); Teddlie and Tashakkori (2009) in (Creswell, 2011) argue for the ability and also for 
the benefits that can arise out of mixing qualitative and quantitative methods. In this vein, 
a mixed methods approach has been adopted for this research, with the view that this 
approach not only allows for the cross-validation or strengths of qualitative inquiry to 
complement the weaknesses of quantitative and vice versa.  
Advantages of mixed methods research 
There are numerous advantages to conducting mixed methods studies, such as: 
• using a mixed methods approach drives the researcher to deeply consider the 
research design and how each part of it relates to the research questions, data 
collection, analysis and interpretation of findings (Bergman, 2008b); 
• offsetting the weaknesses and drawing on the strengths of each research 
paradigm (Bergman, 2008b, Bryman, 2006); 
• cross-validation or grounds to query results whereby researchers can show 
where qualitative and quantitative results either converge or differ  (Bergman, 
2008b, Bryman, 2006); and 
• the ability to inform the development of particular methods. For example the 
results of a quantitative questionnaire may inform the development of a 
qualitative interview, which could then go on to refine a quantitative 
questionnaire (Grbich, 2007). 
Disadvantages of mixed methods research 
Authors have also identified a number of disadvantages to conducting mixed 
methods studies. These include the fact that: 
• mixed methods research approaches often require extensive time, resources and 
effort  (Creswell, 2011); 
• this approach to research is still seen as relatively new, which means that 
justifying the approach can be challenging (Creswell, 2011); and 
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• combining data and interpreting results requires a theoretical interpretation of 
both qualitative and quantitative data sets, when usually only qualitative data is 
treated this way  (Grbich, 2007). 
3.2.3 RESEARCH FRAMEWORK 
The framework for this research comprised three distinct phases as outlined in 
Figure 3.1 on page 52. These phases are conception, investigation, and development. The 
conception phase involved identification of the research area, including framing the 
boundaries of the research area, and identifying gaps in the area, through an 
investigation of existing literature. The empirical investigation phase was the primary 
point of data collection. Each element of this phase was designed to respond to the 
research objectives as outlined in Table 3.4. 
Table 3.4: Research objectives and corresponding methods 
Research objectives Method 
1 
Uncover key barriers, drivers and enablers for innovation 
in the Australian water sector 
Literature review + 
Interviews 
a 
Determine which would have the greatest potential 
impact from investigation? 
Pre-Delphi 
questionnaire 
2 
Uncover the key elements for innovation in the Australian 
water sector? 
Delphi study 
a 
Identify which elements could have the most impact on 
the state of innovation in the sector? 
Delphi study + 
Literature 
3 
Determine if there are any significant similarities and 
differences between research, industry and government? 
Interviews + pre-
Delphi questionnaire + 
Delphi study 
4 
Determine the appropriateness of Delphi technique for 
foundational research 
Delphi study 
 
Initially, a series of semi-structured interviews were conducted in order to gain 
preliminary insight into the most potentially beneficial barriers, drivers and enablers to 
investigate for innovation in the water sector.  These interviews were followed by a pre-
Delphi questionnaire, which was developed in order to rank each of the barriers, drivers 
and enablers uncovered during the interviews. After the semi-structured interviews, a 
multi-round Delphi study was conducted with a select group of experts within the 
Australian water sector. This three round questionnaire aimed to arrive at a consensus 
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among the experts about the key elements for innovation in the water sector in Australia 
and strategies to move forward and overcome or capitalise on these.  
3.3 RESEARCH METHODS 
This mixed methods investigation involved the use of three key research methods, 
being: a qualitative literature review, qualitative semi-structured interviews and a mixed 
methods Delphi process. Each of these research methods are justified and described in 
Sections 3.3.1 to 3.3.3. 
3.3.1 LITERATURE REVIEW 
The primary purpose for conducting a comprehensive literature review was to 
identify, evaluate and synthesise the existing research in the field of interest, particularly 
around sustainability and innovation in the water sector. By gathering this background 
information, it was then possible to determine what research had already been conducted 
in the areas of interest and where research gaps lay. Based on this knowledge, the 
research questions were able to be framed most effectively. The literature review 
included a broad variety of sources including academic papers, government and 
industry publications, conference publications, published and unpublished dissertations 
and books. Non-academic publications such as newspapers and web pages were also 
reviewed to provide additional and diverse information. The initial literature review set 
the foundation for this research by responding to the following questions: 
• What is the current situation? – this was an enquiry into the current status and 
characteristics of the water sector; and the state of innovation, sustainability in 
the water sector 
• What is missing? – this section was about identifying the gaps in literature and 
knowledge with respect to the research questions 
• What is the question? – formulating the key research questions in order to address 
the problem and gaps identified 
• What is the approach? -  preparing an approach to answer the key questions 
within a suitable scope for the research timeframe. 
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Figure 3.1: Research framework 
THEORETICAL 
REFLECTION 
• Synthesise research 
findings and feedback 
through theoretical 
framework to situate the 
research within the field 
Outputs: 
• A new contribution to the 
academic knowledge in the 
field of innovation theory 
and sustainable 
development in the water 
sector 
• Identify core elements 
that contribute to /create 
conditions conducive to 
innovation for 
sustainability in the 
Australian water sector 
Outputs: 
• Guideline of elements to 
enhance innovation in the 
Australian water sector for 
use by industry, research 
and government 
DATA  
ANALYSIS 
INVESTIGATION PHASE 
• Deepen the understanding 
gained from literature 
review, and 
• Inform the development of 
the Delphi study about 
innovation in the water 
sector 
Outputs: 
• Uncovered plethora of 
barriers, drivers and 
enablers for innovation in 
the water sector, and 
• Refined scope (reduced to 
focus on Australia only) 
SEMI-STRUCTURED 
INTERVIEWS 
QL and QN process to: 
• Determine key elements for 
innovation in the Aust. 
water sector, and 
• The tools, strategies and 
methods (elements) to 
overcome/embrace these 
for industry, research, and 
government 
DELPHI 
STUDY 
Outputs: 
• Expert consensus about 
what the key influencers 
and priorities to enhance 
innovation in the 
Australian water sector 
are 
LITERATURE  
REVIEW 
Investigate the state of affairs in 
the fields of interest, specifically: 
• The water sector 
• Sustainable development, 
and 
• Innovation theory 
CONCEPTION PHASE 
Outputs: 
• Identify research problem, 
and 
• Preliminary research 
questions 
DEVELOPMENT PHASE 
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A targeted review examined literature around innovation theory in general, and 
sectoral systems of innovation in particular; and outlined the structure and key elements 
of socio-technical systems such as the water sector. Qualitative research techniques were 
used to analyse the literature, distil key ideas and respond to the research questions 
identified above. The literature was assessed based on relevance to this research and the 
extent to which it responded to the research questions. 
3.3.2 SEMI-STRUCTURED INTERVIEWS 
Semi-structured interviews are a verbal interview exchange, where the interviewer 
asks open ended questions of the respondent to explore issues from their point of view 
(Kitchin and Tate, 2000 inClifford et al., 2010). The objective is to understand the 
respondent’s point of view rather than generalise about observations. Although the 
interviewer starts off with a pre-determined list of questions, semi-structured interviews 
have a flexible nature, allowing them to unfold in a conversational manner, where the 
interviewer can choose to explore issues in greater depth. Semi-structured interviews are 
one of the most widely used methods in qualitative research (Clifford et al., 2010) and as 
such a variety of strengths and weaknesses of the approach are known, as outlined in 
Table 3.5. 
Table 3.5: Strengths and weaknesses of semi-structured interviews 
Strengths Weaknesses 
• Simple, effective way of collecting data 
about things that can’t be easily 
observed like thoughts or experiences 
• Ability to clarify/discuss complex issues 
– the interviewer has the flexibility to 
probe areas based on the respondent’s 
answers. They may pick up on ideas 
that had not previously occurred to 
them 
• Pre-set questions eliminate problem of 
pre-judgement (where the researcher 
determines what is/ is not important) 
• Easy to record 
• Usefulness of results can depend on the 
skill of the interviewer and articulacy of the 
respondent 
• The interviewer may unconsciously give 
signals that guide the respondents answers 
• Time consuming (especially transcription) 
• Low reliability – conversational nature and 
lack of full structure makes semi-structured 
interviews very difficult to repeat 
• Can be difficult to analyse 
• Difficult to generalise – due to the personal 
nature of interviews 
• Validity – the researcher cannot know if 
the respondent is lying 
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Purpose 
The main purpose of conducting semi-structured interviews was to deepen the 
insights gained from the literature and to commence an exploration of barriers, drivers 
and enablers for innovation in the water sector. This exploration was then intended to 
inform the development of the Delphi questionnaires. According to Humphrey and Lee 
(2004) semi-structured interviews are particularly appropriate when the researcher is 
seeking flexibility in both designing and conducting the interviews. In this case, a degree 
of freedom was strongly desired in order to allow the researcher to explore responses in 
more depth when there was the possibility that a line of discussion could influence the 
results or direction of the research. Within this research the semi-structured interviews 
aimed to: 
• explore the ‘what’ and the ‘why’ of barriers, drivers and enabling factors for 
innovation; 
• investigate any opposing views in cases where a participant’s response to a 
question went against the trend; 
• develop some contextual background in terms of past experiences, 
organisational culture, etc.; and 
• explore participant’s view of what’s possible in terms of the future of the water 
sector. 
By fulfilling on the above aims, the results from the semi-structured interviews 
provided a strong foundation of knowledge from which to base the Delphi study 
questions. 
Participant selection 
A total of 12 respondents were selected to take part in the semi-structured 
interviews. Sampling of respondents was ‘purposeful’ where Morse (1990) defines this 
method of selection as “informants with a broad general knowledge of the topic or those who 
have undergone the experience”. This criterion depended on each respondent’s ability to 
provide richness and diversity in responses about innovation in the water sector.  
Methodology  
 Page 55 
 
Interviewees were selected primarily based on the following factors: (information 
about the 12 respondents is provided in Table 4.1 in Chapter 4) 
• Years’ experience in the water sector (0-5; 5-10; 10-20; 20+); 
• Geographic location of experience in the water sector (Australia; international); 
• Background (research; industry; government); and 
• Organisation size (1-10; 10-50; 50-200; 200+). 
Design 
Being of a semi-structured format, the interviews consisted of three to four key 
topics and related questions to guide the interview, although the framework of the 
interview did allow for two-way communication and the option to delve deeper into 
points that were deemed at the time, to be of particular relevance or importance. A 
number of open-ended questions were designed to gain insight into the research 
questions as well as in response to questions arising from the general questionnaire. 
Themes of questions included: 
• Tell me about you and your experiences; 
• What sort of innovations has your company introduced/ have you seen? 
• What enabled those innovations to be introduced? 
• What gets in the way of innovation at your company? 
Interviews were conducted either by phone call or in person depending on the 
location of the respondent. Each interview lasted between 20 – 45 minutes depending on 
the specific condition and was recorded with the permission of the respondent. 
Data analysis 
The analysis of interview data was conducted in order to identify the central 
themes. There are a variety of methods available to do this, and in this research the 
procedure outlined in Figure 3.2 was followed. It has been termed the Three C’s of Data 
Analysis by Lichtman (2013). This method involves i) preparing the data ii) coding the 
data iii) categorising the data, and iv) identifying key concepts that emerge from the data. 
The process undertaken is outlined in more detail throughout this section. 
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Figure 3.2: Procedure for interview data analysis 
Adapted from: Lichtman, 2013 
 
Transcribing interviews 
Firstly, interview recordings were transcribed to text. The transcription process 
creates a change of medium, which can introduce issues of accuracy, fidelity of data and 
interpretation (Gibbs, 2007). I chose to tidy some grammatical aspects of the speech 
throughout the transcription process to make the text easier to read and analyse. As this 
research is not focused on language or similar aspects that rely on the transcript to be 
exactly as recorded, undertaking this exercise did not affect the outcomes of the research. 
While there were various methods of transcription available, e.g. hiring a transcriptionist 
or using transcription software, I chose to do my own transcriptions. This was beneficial 
as I became very familiar with the content and was able to begin generating new ideas 
about the data during the transcription process. Also, knowing the context of the 
interview and being familiar with the subject matter made the process easier for me than 
it may have been for a hired transcriptionist. Once the transcriptions were completed the 
interview transcripts were uploaded to NVivo and the coding process was applied to this 
data. 
Use of NVivo software 
NVivo is a form of computer assisted qualitative data analysis software 
(CAQDAS). As outlined in Table 3.6, there are both benefits and risks associated with 
using this type of software package. (Hoover, 2011) identifies the benefits arising from 
using NVivo software as being efficiency, multiplicity and transparency, and that use of 
Raw Data 
Interview 1 
Raw Data 
Interview 2 
Raw Data 
Interview 12 
 
 
 
Codes Categories Concepts 
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the software adds a ‘depth and rigour’ to research projects that would be difficult to 
achieve without the use of software analysis for qualitative data. 
Table 3.6: Benefits and risks of using CAQDAS                     Source: (Gibbs, 2007) 
Benefits Risks 
Ability to conduct efficient, systematic data 
management 
Increased risk of feeling distant from 
the data 
Options to sort and view the data easily Very influenced by grounded theory 
Can be more reliable and transparent 
High emphasis on code and retrieve 
approaches 
Tools for producing report and summaries  
 
Coding, categories and concepts 
Coding in NVivo consists of assigning data to ‘nodes’ which can then be placed 
into a hierarchy called a ‘tree’. The initial pass of coding, starts by the researcher reading 
through the text i.e. open-ended survey questions and interview responses and applying 
codes to segments of the text. There are six phases involved in coding, categorising and 
forming concepts from the data, each of which are detailed below. 
Phase 1 – Open coding: This research used data-driven coding, also called open 
coding. This process involved questioning the data word by word and line by line to 
identify relevant codes. During the first pass open coding stage data was coded to 
relevant categories. New categories were added as new concepts emerged from the data 
and a preliminary tree node structure including parent and child nodes began to emerge. 
As a result, 141 case nodes were created, representing emerging themes from the data. 
Phase Two – Revisiting initial coding: This second pass of coding the data was 
essentially a ‘tidy up’ of the codes that emerged during the first pass. This involved 
removing double-ups, combining synonyms, clarifying terms and ensuring consistency 
in naming conventions. 
Phase Three – Developing initial categories: The intention of undertaking this 
phase was to explore each node individually, looking for links between codes and 
categorising groups of codes into a meaningful hierarchy. The result was a 
comprehensive tree node structure consisting of parent and child nodes. Figure 3.3 
illustrates a sample of the tree node structure with parent and child nodes. 
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Drivers 
Example to change 
Cost or Economics 
Customers 
Policy 
Preventing negative 
environmental impacts 
Regulation 
Resource demand 
Successful pilots 
Thought leaders 
Barriers 
Cost or Economics 
Ineffective knowledge 
transfer between research 
and industry 
Ineffective past projects 
Intellectual Property 
Lack of demand 
Lack of policy 
Lack of support for 
 
Maintenance requirements 
Management 
Past based practices 
Performance uncertainties 
Regulation 
Risk 
Scepticism 
Time 
Example 
Ideas to change 
CHILD NODES PARENT NODES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: Sample of coding hierarchy after re-structure 
 
Phase Four – Reviewing the list of categories: This phase consisted of reviewing 
the list of categories, the hierarchy and the content. In some cases, this meant separating 
some nodes out into multiple classifications, while for others it meant merging similar 
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classifications into one. The result of this process was a tree node structure that was 
straightforward and easy to analyse. 
Phase Five – Revisiting categories: Once the tree node hierarchy was established 
all interview transcripts were re-coded against the hierarchy to ensure all new codes were 
applied consistently to the data. Figure 3.3 illustrates a fragment of the tree node structure 
with parent and child nodes. 
Phase Six – From categories to concepts: This final step in the process involved 
identifying the concepts that represented the core of the data collected through the 
interviews. Five key concepts were identified at this stage. 
Thematic analysis 
After the completion of the coding process, an analysis of themes was undertaken. 
A basic level analysis was conducted at this stage, as the purpose of the semi-structured 
interviews was to gain further insights to inform the development of the Delphi study. 
The analysis involved drawing out major points from the themes within the coding 
structure, identifying: 
• where the level of conversation was too broad/general; 
• items that were worth delving into further during the Delphi; and 
• where more depth of knowledge is required. 
Through this process it was also possible to identify themes that were readily 
discussed and those where there was consensus and disagreement among respondents. 
This analysis was carried out using a combination of techniques, including: 
• short, direct quotes from interview transcripts; 
• summaries, paraphrases or abstracts; and 
• researcher explanations or categorisations. 
3.3.3 DELPHI STUDY 
The purpose of conducting the three round iterative Delphi study was for the 
expert participants (who were different to the interview participants) to reach a 
consensus on: 
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• the key elements for innovation in the water sector; and 
• which have the potential to most impact the state of innovation in the Australian 
water sector. 
Specifically, the purpose of each round is described as follows. The intention of 
having the experts respond to the pre-Delphi questionnaire was to assist with reducing 
the research scope. Specifically, to gain insight into which barriers, drivers and enablers 
to carry forward for the remainder of the Delphi study. Traditionally, the first round of 
the Delphi process is formulated to collect open-ended responses about the specific area 
of interest from the expert panel. Accordingly, the intention of round 1 of this Delphi 
study was to ask open-ended questions about the strategies, tools and methods that may be 
used to overcome, capitalize on or embrace, certain barriers, drivers and enablers to innovation 
in the water sector as identified during the pre-Delphi questionnaire. 
The second round of the Delphi process is used to rate or rank the responses 
provided by the expert panel in round 1. Accordingly, the intention of round 2 of this 
Delphi study was to have the expert panel rate each of the 43 strategies, tools and methods 
(elements) that may be used to overcome, capitalize on or embrace certain barriers, drivers and 
enablers to innovation in the water sector as identified during the Delphi round 1 
questionnaire. The final round (round 3) of the Delphi study was used to determine 
which items experts agreed were key elements for innovation in the water sector. 
Overview of the Delphi technique 
The Delphi technique is essentially a group process used to collect the opinions and 
reach consensus of experts on a particular subject, usually through a series of 
questionnaires (Yousuf, 2007). Unlike a focus group, the participants of a Delphi study 
are not required to meet, enabling the facilitation of interaction among experts situated 
around the globe, without the burden of time and expense that would otherwise be 
associated with this type of data gathering. The Delphi study occurs through a series of 
iterative, anonymous questionnaires. 
The Delphi technique originated in the 1940s and early 1950s from military studies 
conducted by the RAND Corporation in the United States (US). By the mid-1960s the 
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technique was picked up by corporate planners in the US who recognised the tool as a 
useful forecasting device. During the late 1960s the technique spread to Europe and Asia 
and became popular during the early part of the 1970s. In 1974, a branch of the RAND 
Corporation instigated a critique of the Delphi technique, authored by Sackman. Having 
come straight from the source of the technique, this critique was notable in the research 
arena and led to some debate among researchers about the validity of the technique in 
research. Some researchers such as Goldschmidt (1975) questioned the scientific rigour 
of Sackman’s review, and suspected political reasons for the development of the 
document. Nevertheless, one point in Sackman’s assessment did reach consensus among 
many researchers. This was not a critique about the technique itself, rather the application 
of the technique, or the way in which the technique was applied by Delphi practitioners. 
In his evaluation of the Delphi technique, Sackman (1974) noted that the application of 
the technique by practitioners was often questionable, referencing the use of the Delphi 
technique as a quantitative tool being operated clearly within the scientific research 
paradigm i.e. questionnaire construction, population sampling, piloting procedures, 
questionnaire validity and reliability (Rieger, 1986). In retrospect, Rieger (1986) and 
Patton (2002) contend that this argument may well be part of the much larger paradigm 
debate about qualitative and quantitative data analysis as Campbell and Cronbach had 
not at this time acknowledged the usefulness of qualitative research methods. Whichever 
the case, Sackman’s critique failed to have a significant impact on the frequency and 
rigour of its use in dissertations. 
Precedence 
As at February 2014, ProQuest Dissertations and Theses Global database returned 
over 21,000 results of PhD and Masters theses that had used the Delphi method, with the 
use in postgraduate research consistently increasing as indicated in Table 3.7. 
Table 3.7: Rate of Delphi technique application in dissertations and theses 
Timeframe 1960 - 
1969 
1970 - 
1979 
1980 - 
1989 
1990 - 
1999 
2000 - 
2009 
2010 - 
2019 
No. uses 173 950 1,849 3,015 10,522 4,529 - 
now 
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Strengths 
A number of strengths of the Delphi technique have been identified, particularly 
in the context of this research. Primarily, the capability to discern in-depth information 
when limited historical data is available (Gupta and Clarke, 1996) makes this technique 
useful for foundational research. This research takes the form of foundational research 
exploring barriers, drivers and enablers for innovation in the water sector in Australia. 
Rather than contributing a niche finding to fit into or build upon the work of many, the 
nature of this research being ‘foundational’ means it is situated within a relatively new 
field and builds on the work of just a few. Additionally, the Delphi technique is a useful 
tool for gaining insight into complex problems in areas that are subjective, or do not lend 
themselves to precise analytical techniques (Okoli and Pawlowski, 2004, Skulmoski et al., 
2007, Yousuf, 2007). Determining the top priorities and best methods to address 
innovation in the water sector is a highly subjective topic. Using a solely analytical 
technique may fail to capture many of the ‘shades of grey’ that arise throughout the 
research journey. The highly selective expert criteria required for Delphi participants 
ensures a high level of quality among responses. The requirement for ‘experts’ also 
allows for a smaller number of participants, as a representative sample of the area under 
investigation is not required, rather an expert perspective (Okoli and Pawlowski, 2004). 
Furthermore, the anonymous and confidential nature of this technique overcomes many 
traditional barriers to communication such as ‘groupthink’ (Brooks, 1979) where one or 
two people dominate a discussion or a reluctance to state unpopular views or modify 
one’s previously stated position (Barnes, 1987, Hsu and Sandford, 2007, Yousuf, 2007). 
Finally, the flexible nature of the technique allows participation by experts who are 
geographically distanced and allow the convenient for participants to respond from their 
own office at any time during a set period. 
Limitations and design considerations 
The Delphi technique has a variety of limitations that should be taken into account 
when designing a research investigation. Perhaps the most important factor for 
researchers who choose to use the Delphi technique in their research, is to acknowledge 
the inherent nature of the technique. That is, Delphi studies do not offer indisputable, 
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hard data; but rather, a snapshot of expert opinion for a particular group of people at a 
particular point in time (Hasson, 2011). Furthermore, Skumolski (2007) and Hasson 
(2011) agree that the further the researcher strays from the Classic Delphi method the 
more important is the need to validate findings through triangulation with another 
approach. Additionally, Hasson’s (2011) review of the literature on methodological 
rigour in the application of the Delphi technique indicates that often, rigour is not 
satisfactorily achieved and attempts to do so have been widely criticised. Suggestions 
and past attempts to enhance the methodological rigour of Delphi research include: 
• comparing with relevant published research to assist in gauging generalizability 
or transferability; 
• undertaking additional research to validate findings; 
• verifying findings through interviews prior to Delphi, focus groups, nominal 
group technique or questionnaire; and 
• exploring results with different or similar samples across different locations. 
The application of the Delphi technique requires a significant time commitment 
from field experts (approximately 30-45 days for full process). Finally, Barnes (1987)  
notes that the due to the nature of Delphi studies, there is a tendency to eliminate extreme 
positions and force a mainstream consensus. In 1978, O’Brien (1978) conducted a study 
into the dissertations that applied the Delphi technique, which had been published since 
the controversial critique by Sackman in 1974. His results showed that of the 132 studies 
he reviewed only 30% had been ‘well conducted’. It should be noted, however, that these 
concerns were about the application of the technique, not the technique itself. His key 
concerns are outlined in Table 3.8 on page 64, alongside the section in which each of these 
concerns have been addressed in the application of the technique within this research. 
Rationale for selection 
Although there has been some debate about the validity of the technique 
throughout the history of Delphi application, many of the concerns are widely disputed. 
The concern with most agreement is that of the methodological rigour applied to the 
application of the technique. Based on the strengths and areas of concern highlighted 
above, the Delphi process was deemed to be an acceptable and appropriate method for 
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this research. However, this is only true based on the assumption that each of the 
limitations identified previously will be appropriately addressed within this research. 
This method has also been selected as part of the research enquiry, to determine the 
suitability of this method for exploratory research. 
Table 3.8: Overview of concerns and alleviation methods for Delphi technique 
Concerns about the 
application of the Delphi 
technique in general 
How concerns have been 
addressed in this research 
Section 
Absence of open-ended round 1 
questions (50%) 
All questions in round 1 were open-
ended in accordance with the 
standard Delphi method design 
Figure 3.5 
Inadequate response rate (less than 
65% studies had a response rate of 
75% or higher in the first round) 
Response rates: 
Pre-Delphi round 1 – 13/16 = 81% 
Round 1 – 12/13 = 92% 
Round 2 – 11/12 = 92% 
Section 5.2.1 
Absence of piloting procedures 
(60%) 
A pilot test of this Delphi study was 
conducted among participants from 
industry, government and research 
prior to release 
Section 3.3.3 
- Pilot testing 
Failure to establish questionnaire 
reliability (70%) 
The qualitative criteria for 
dependability has been used in lieu 
of the quantitative measure for 
reliability. 
Section 3.4.1 
Failure to survey dropouts (85%) 
(Rieger, 1986) 
Dropouts between rounds 1 and 2, 
and rounds 2 and 3 were surveyed 
Section 5.2.1 
Absence of statistical analyses of 
group or individual stability in 
Delphi rounds (Rieger, 1986) 
Individual stability across rounds 2 
and 3 calculated using Cohen’s 
Kappa 
Section 3.3.3 
– Delphi 
round 3 
 
Expert panel selection 
Selection of appropriate panel of experts is one of the most important factors in the 
design of a Delphi study (Skulmoski et al., 2007). It is important to note that unlike 
traditional questionnaire methods, the Delphi approach does not require a statistically 
significant sample of a population, but rather relies on the opinion of a select group of 
high-level experts in the area of interest. Therefore, rigour around selecting experts is 
critical (Baker et al., 2006). In this case the experts are required to have a strong 
background in the Australian water sector, and both a breadth and depth of 
understanding about elements that may influence innovation within the sector. 
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Despite the importance placed on rigorously selecting experts for Delphi studies, 
there remains a lack of consensus in the literature about the criteria or attributes that an 
expert should possess. This lack of clarity has resulted in a wide variety of definitions of 
‘expert’ for Delphi purposes. Using a combination of characteristics proposed by key 
authors, this Delphi study considers the following criteria, when determining the 
suitability of an expert for the Delphi study, as listed in Table 3.9. 
Table 3.9: Criteria for Delphi expert selection 
Criteria an ‘expert’ MUST possess Source 
• Knowledge and experience with the issues under 
investigation; where: 
a. Knowledge is a person who is academically qualified, 
and 
b. Experience is the number of years’ experience a person 
has 
(Adler and Ziglio, 1996) 
• Effective communication skills; (Adler and Ziglio, 1996) 
• Willingness to participate; and (Adler and Ziglio, 1996) 
• Sufficient time to participate in the Delphi (Adler and Ziglio, 1996) 
Criteria an ‘expert’ MUST NOT possess 
• A previous relationship with the person conducting the 
study 
(Baker et al., 2006) 
• Having indicated their own level of expertise. (Baker et al., 2006) 
 
Expert criteria 
Based on the considerations outlined in Table 3.9, the criteria developed for Delphi 
‘experts’ was: 
• Number of years’ experience in the water sector. Traditionally, a larger number 
of years’ experience (20+ years) is desired among Delphi participants.  However, 
this criterion may be assessed on a case-by-case basis, and for the purpose of this 
research, a variety of experience levels have been sought in order to include a 
range of perspectives. 
• Effective communication skills as deemed appropriate by researcher. As 
participants were all from Australia, a potential language barrier was not an 
issue. The researcher looked at previous publications, job capacity and 
interactions with potential participants to measure suitability of communications 
skills. 
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• Willingness and sufficient time to participate. Once criteria 1 and 2 were met 
potential participants were invited to opt-in. This opt-in process outlaid all of the 
deadlines and requirements for participation. Willingness and sufficient time to 
participate was left to the discretion of the potential participants and only those 
who possessed these two traits were encouraged to opt-in to the process. 
Further to the above criteria, it is important to note that this research also required 
representation from three areas within the water sector, being: research, government and 
industry. 
Sample size 
There is an absence of consensus within the literature about the optimal number of 
participants in Delphi studies. Ludwig (1997) indicates that the majority of Delphi studies 
he has analysed have used between 15 and 20 participants. Skulmoski and Hartman’s 
(2007) analysis of Delphi studies elaborates on this, indicating that where participants are 
homogeneous 15-20 is sufficient, but for heterogeneous participants e.g. global studies a 
much larger sample may be required. In a review of graduate studies using the Delphi 
method, Skulmoski (2007) noted that in general, the larger the sample size, the more 
accurate the result; but smaller sample sizes are adequate where verification of results is 
conducted with follow-up research like an interview.  
Recruitment 
Potential participants were identified based on the criteria listed above, plus 
moderately even distribution across: (a list of the final participants is provided in Table 
5.1: Expert participant profile in Chapter 5) 
• the eight states and territories of Australia; and 
• the three areas of the water sector (research, government, industry). 
Potential participants were ranked into Rank 1 or Rank 2, where: 
• Rank 1 - preferred participants (matched criteria very well, and most desirable 
candidate from each region/area); and 
• Rank 2 - secondary participants (either secondary to most desirable candidate 
from each region/area, and/or matched criteria to a lesser extent). 
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Invitations were sent to preferred participants via an email that outlined the 
purpose of the research, the structure of the Delphi study, the time requirements, and 
information about confidentiality and ethics. Experts were given the option to ‘opt-in’ to 
participate in the Delphi study by selecting a link within the email. As much information 
as possible was provided to experts at this stage in an attempt to reduce the attrition rate 
during future rounds. Where preferred participants declined the invitation to participate, 
invitations were sent to Rank 2 participants. 
Design 
The design of this Delphi study was made up of a number of key considerations, 
including the number of rounds included, procedure for collecting data, structure of 
questions and approach to analysis. Each of these elements are described below. 
Number of rounds 
Selecting the most appropriate number of rounds for a Delphi study depends on 
the purpose of the research. Delbecq et al. (1975) in Skulmoski (2007) suggest that two or 
three iterations are sufficient for most research, however, if group consensus is desirable, 
three or more rounds may be required. Based on this recommendation by Delbecq et al. 
(1975), three rounds was deemed most appropriate for this Delphi study, not including 
the pre-Delphi questionnaire that was used to guide the scope of the Delphi study. 
Procedure 
• Selection of experts from the water sector (16 total experts, made up of 4 from 
industry, 4 from research, 4 from government, 2 from industry/government, 2 
from industry/government/research). 
• Based on the pre-Delphi questionnaire and interviews with participants, the 
researcher develops Questionnaire 1. 
• Questionnaire 1 – Experts respond to open-ended questionnaire to generate list 
of ideas based on results of pre-Delphi Questionnaire. 
• Researcher compiles results from Questionnaire 1 and develops Questionnaire 2 
based on responses from Questionnaire 1. 
• Experts participate in Questionnaire 2 where they rate responses based on the 
results of Questionnaire 1. 
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• Researcher compiles results from Questionnaire 2 and develops Questionnaire 3 
based on responses from Questionnaire 2. 
• Experts participate in Questionnaire 3 where they rate responses from 
Questionnaire 2. 
• Researcher compiles results from Questionnaire 3 and distributes final results to 
experts. 
Pilot testing 
Prior to being distributed to the experts, the draft pre-Delphi questionnaire was 
distributed to a smaller group of experts within the water sector for feedback. This group 
comprised one expert from each of the three target sectors: research, government and 
industry. During this testing phase, these experts completed the draft questionnaire and 
provided feedback about the delivery, content and any other areas they saw relevant to 
comment. This round proved very useful and a number of adjustments were made to the 
questionnaire prior to final distribution as a result. Such adjustments included: refining 
and clarifying the scope of the questionnaire, refining some questions and combining or 
removing some questions. A sample analysis of the data provided by these expert 
responses also allowed the researcher to check the suitability of the intended analysis 
method. 
Development of questions 
Pre-Delphi round: The pre-Delphi round was designed as a rating scale 
questionnaire that was offered in an online format only. Each of the themes: barriers, 
drivers and enablers, contained between eight and ten factors. Experts were asked to rate 
each factor on a sliding scale from 0 to 100 (0=lowest, 100=highest) against the following 
criteria: 
• Impact of barrier, driver or enabler 
• Priority to address barrier, driver or enabler. 
Experts also had the option to provide a comment about their ratings or to not rate 
a particular factor if they did not want to. In total, the pre-Delphi questionnaire contained: 
• Barriers – 10 factors 
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• Drivers – 8 factors 
• Enablers – 9 factors. 
Each factor was also underpinned by a series of points that the expert was to 
consider and take into account in their rating. If an expert disagreed with any of the points 
they were requested to check the relevant box and indicate why they disagreed. This 
functionality was included to reduce the chance of an expert rating a factor lower because 
they disagreed with one or more of the underpinning points. All points were developed 
in response to the interviews conducted previously. Figure 3.4 shows a sample of the 
layout for each question. A full question set for the pre-Delphi round can be found in 
Appendix A1: pre-Delphi questionnaire. 
7. There is a culture of avoiding failure 
 If you disagree with any of 
these points, please check the 
corresponding box 
If you disagree with any of 
these points, please 
indicate why you disagree 
Trying something new and being unsuccessful 
could be harmful to career prospects 
  
Failures are quickly and severely punished in the 
water sector 
  
There is an expectation of perfection by the 
community and low tolerance for error 
  
Ineffective past projects can cause hesitancy to 
trial new concepts in the future 
  
It can be difficult to implement a new concept, 
particularly when it doesn’t fit with the existing 
water system 
 
 
Other: 
 
  
   
Please rate Question 7 on the scale below, taking into account the points listed above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
Impact of Barrier 
Priority to Address   
Comment on ratings if desired   
OR I do not want to rate this barrier 
  
Figure 3.4: Sample question from pre-Delphi questionnaire 
 
Delphi round 1: Delphi round 1 was designed as an open ended questionnaire. 
The questionnaire was offered in an online format only, and experts were asked to 
contribute their responses in as much detail as their schedules allowed. 
0                                 70                     
 
0                                        84                     
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The Delphi round 1 questionnaire comprised three categories of questions: 
barriers, drivers and enablers for innovation in the Australian water sector. The experts 
were asked to respond to seven open-ended questions, which were designed to elicit a 
thoughtful, in-depth response from the expert panel. Each question was preceded by a 
short preamble which included a series of discussion points associated with the question. 
A sample question from round 1 is shown in Figure 3.5. A full question set for the Delphi 
round 1 can be found in Appendix A2: Delphi round 1 questionnaire. 
Theme 1 - Barriers to innovation in the water sector 
Based on Round 1 of this Delphi study, one of the barriers to innovation in the water sector 
that could provide the most potential benefit through further investigation, as collectively 
identified by the group was: 
Scepticism or a need for proven results 
As a reminder, the discussion points associated with this barrier are: 
• There is a natural scepticism about many new concepts - “It’s too good to be true” 
mentality 
• New concepts need to be seen to have worked effectively somewhere before they will 
be considered for implementation 
• Confidence in a new technology can be lost overnight with just one mistake. 
Please describe any strategies, tools or methods you think may be useful in overcoming the 
barrier: Scepticism or a need for proven results 
 
 
Figure 3.5: Sample question from Delphi round 1 questionnaire 
 
Influence from pre-Delphi: The focus of the Delphi round 1 questions were 
determined by the results the pre-Delphi questionnaire in conjunction with literature and 
interview responses. The pre-Delphi questionnaire was conducted to determine those 
barriers, drivers and enablers for innovation in the Australian water sector that could 
provide the most potential benefit through further investigation, in accordance with 
sliding scales against ‘Impact’ and ‘Priority to Address’.  
Delphi round 2: Delphi round 2 was designed as a rating scale questionnaire that 
was offered in an online format only. The Delphi round 2 questionnaire comprised nine 
categories of elements devised from the responses from the round 1 questionnaire. In this 
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questionnaire, the experts were asked to rate each element on a five-point Likert-scale 
according to how much impact they thought each element had or could have on the state 
of innovation in the Australian water sector. The five-points of the rating scale were: no 
impact, low impact, some impact, high impact, most impact. A sample question from 
round 2 is shown in Figure 3.6. A full question set for the Delphi round 2 can be found in 
Appendix A3: Delphi round 2 questionnaire. 
Category - Diversity 
How much impact do you think each element has or could have on the state of innovation in the 
water sector? 
 No 
impact 
Low 
impact 
Some 
impact 
High 
impact 
Most 
impact 
Engaging multi-disciplinary leaders to develop 
a consensus about priority areas for the sector      
Enlisting diverse perspectives to identify and 
frame the right problems and develop solutions      
Diversifying portfolios to ensure robust and 
resilient water supply      
Figure 3.6: Sample question from Delphi round 2 questionnaire 
 
Influence from Delphi round 1: All elements presented within the Delphi round 
2 questionnaire were determined through analysis of the responses provided by the 
expert panel during Delphi round 1.  
Delphi round 3: Delphi round 3 was designed using the rated items from round 2 
and was offered in an online format only. This questionnaire was almost identical to the 
round 2 questionnaire, except that feedback from the previous round was included in the 
questionnaire, including individual and group feedback. The individual feedback for 
each expert consisted of the rating they gave each question in round 2 and the group 
feedback consisted of the mean and standard deviation of group responses from round 
2. These questionnaires were tailored for each expert in order to show their individual 
feedback from the previous round.  
There is no agreement in literature or previous studies about whether items that 
reach consensus in one round should be excluded from or should remain in the following 
rounds. In this case, it was decided that all items, including those that reached consensus 
in round 2 would remain in the round 3 questionnaire. The reasoning behind this was 
Methodology  
 Page 72 
 
that consensus may strengthen or change in round 3 when experts were privy to the 
group responses from round 2. A sample question from round 3 is shown in Figure 3.7. 
A full question set for the Delphi round 3 can be found in Appendix A4: Delphi round 3 
questionnaire. 
For this Delphi study, consensus was defined as a level of 80% or more agreement 
among respondents, using a collapsed category approach. Further information about this 
approach is included under the ‘Methods for determining consensus’ section on page 74. 
Category - Diversity 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on 
the state of innovation in the Australian water sector. 
Note: You may select the same rating as you did in round 2 
Engaging multi-disciplinary leaders to develop a consensus about priority areas 
for the sector 
Feedback from round 2 
• Your individual response from round 2: 3.00 
• Group response from round 2:    Mean  3.73   Std Dev   0.467 
 1 - No impact     2 - Low impact       3 - Some impact   4 - High impact   5 - Most 
impact 
Figure 3.7: Sample question from Delphi round 3 questionnaire 
 
Influence from Delphi round 2: All elements presented within the Delphi round 
3 questionnaire were identical to those posed within Delphi round 2. The only difference 
was that round 3 included feedback about the round 2 results.  
Data analysis 
The nature of a Delphi study i.e. targeting expert opinion, mean that the results 
usually are not intended to be representative of a general population. In keeping with 
this format, the same is true of this Delphi study. Having solicited input from only 13 
experts, it would be inappropriate to attempt to apply tests of statistical significance to 
this data. This Delphi study is not intended to be representative of the general population 
and the pre-Delphi questionnaire is not intended to produce statistically significant 
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results. The outcomes of this particular Delphi study do not predict the response of the 
larger population or even the same Delphi study if it were conducted with a different 
group of experts. The outcomes represent the view of this particular panel of experts only. 
As such, while some statistical tests, such as calculation of mean and standard deviation 
have been used to assist in ranking the priorities for each of the categories (barriers, 
drivers, enablers), the results produced from these tests are not presumed to be in any 
way indicative of the general population and have only been used to provide rankings 
for this specific panel of experts. 
Pre-Delphi: The intention of conducting this pre-Delphi questionnaire was to 
provide guidance around selecting the barriers, drivers and enablers for innovation in 
the water sector that could provide the most potential benefit through further 
investigation in Delphi rounds 1-3. In order to do this, the data was entered and analysed 
using Excel. The barriers, drivers and enablers were ranked by plotting both the ‘Impact’ 
score and ‘Priority to Address’ score for each factor on a graph. This provided a ranking 
for each factor in the categories of barriers, drivers and enablers. These rankings were 
used as a guide only, and considered in conjunction with discussion during the 
interviews as well as information contained in the literature to determine the three 
barriers, drivers and enablers that would be carried forward for further investigation in 
the Delphi study. The results of this content analysis can be found in Section 5.4.2 of 
Chapter 5. 
Delphi round 1: The responses from the Delphi round 1 questionnaire were open-
ended and qualitative. Therefore, they were analysed using NVivo software, using a 
content analysis approach to identify the major themes. The following process was 
undertaken.  
1. Collate all responses from Delphi round 1 into NVivo software  
2. Conduct first pass open coding  
• Code sections of the text into categories 
• Add new categories as new concepts emerge from the data 
3. Undertake grouping process 
• Identify same or similar elements and group together 
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• Decide which elements should be collapsed into one and which should be 
kept separate 
4. Decide wording for collapsed and unique elements  
• For unique elements this should be as close to the original wording as possible 
• For collapsed elements this should be as close to one of the elements as 
possible 
• Organise the final list of elements into themes to provide insight into broad 
areas 
• The results of this content analysis can be found in Section 5.5.2 of Chapter 5. 
Delphi round 2: The responses from the Delphi round 2 questionnaires were 
quantitative outcomes of a Likert-scale rating system, and were analysed using statistical 
package for social sciences (SPSS) software, undertaking the following process: 
• Set up SPSS database so that each element from the questionnaire is entered as a 
separate variable 
• Input responses alongside their master code 
• Run frequencies on the entire dataset to determine the output percentage for the 
overall expert responses to each element 
• Check for consensus. N.B. Consensus for this Delphi study is deemed to have 
been reached at 80% for collapsed categories. Further information about how 
consensus was calculated can be found in the following section: Method for 
determining consensus  
• Determine mean and standard deviation of each element (for use in Delphi 
round 3 questionnaire). 
The results of the Delphi round 2 can be found in Section 5.6.2 of Chapter 5. 
Methods for determining consensus: The method for determining consensus is 
arguably the least developed aspect of the Delphi technique and opinion about which is 
the best method varies greatly (von der Gracht, 2012, Hasson et al., 2000, Rayens and 
Hahn, 2000). There are eight known methods for determining consensus, being: 1) 
stipulated number of rounds; 2) subjective analysis; 3) reaching a certain level of 
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agreement; 4) Average Percent of Majority Opinions (AMPO) cut-off rate; 5) mode, 
mean/median ratings, standard deviation; 6) using the inter-quartile range (IQR); 7) 
coefficient of variation; 8) post-group consensus (von der Gracht, 2012). Of these, the two 
most commonly used methods are using the inter-quartile range and reaching an agreed 
level of consensus (von der Gracht, 2012). A variety of authors, including Keeney (2011), 
Putnam (1995) and von der Gracht (2012) have endorsed or used the agreed level of 
consensus method, therefore, this is the method that has been used for this research. 
Again, there is a lack of consensus among the literature about the specific level of 
agreement required or even how this is to be calculated. One approach (Approach A) is 
to reach a desired level of agreement (usually varying from 51% to 85%) among experts 
for one category. The second approach (Approach B) is to collapse the top and bottom 
categories and calculate the agreement level (usually 70% to 90%) for the collapsed 
categories. For Approach A, McKenna (1994) in (Hasson et al., 2000, Rayens and Hahn, 
2000) drawing on the work of Loughlin and Moore (1979) suggests that consensus is 
achieved at 51% agreement, whereas Sumison (1998) in Hasson, et al. (2000), and Keeney 
et al. (2011) recommend 70% agreement, and Green et al. (1999) (Hasson et al., 2000) 
suggest 80%. For Approach B, Cantrill, et al. (1998) opt for consensus where there is 
agreement of 75% or more for the combined total of either the top three or bottom three 
categories of a seven point rating scale. Similarly, Putnam et al. (1995) in (von der Gracht, 
2012) define consensus as being a combined total of more than 80% agreement for the top 
two levels on a five point rating scale. Von der Gracht (2012) argues that although 
determining consensus through a level of agreement may be a simple method, it may 
also be sufficient in many scenarios. Table 3.10 indicates some of the different values that 
may be used for determining consensus indicating that the percentage agreement may in 
many cases be arbitrary or defined after the collection of data. 
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Table 3.10: Values used for determining consensus in past Delphi studies 
Approach Determinant for consensus Type of 
rating 
scale 
Author 
Level of 
agreement 
51% or more agreement on 
individual category 
Unspecified 
McKenna (1994) (Hasson et 
al., 2000, Rayens and Hahn, 
2000) 
70% or more agreement on 
individual category 
Sumison (1998) (Hasson et 
al., 2000) 
80% or more agreement on 
individual category 
Green et al. (1999) (Hasson et 
al., 2000) 
≥ 75% combined total of top 
or bottom three 
7 point 
Cantrill, et al. (1998) 
≥ 80% combined total of top 
two 
5 point 
Putnam et al. (1995) in (von 
der Gracht, 2012) 
 
In this Delphi study, the level of agreement approach has been selected as the most 
appropriate method to determine consensus. Approach B, or the collapsed category 
approach has also been selected with a cutoff of 80% or more agreement to indicate 
consensus. This is appropriate for a 5-point rating scale as identified in Table 3.10. This 
means that where the sum of agreement between categories 1 and 2 or 4 and 5 is 80% or 
greater, consensus is achieved. Figure 3.8 demonstrates this arrangement. 
1 – No impact  
If sum ≥80%, consensus is achieved 
2 – Low impact 
3 – Some impact  
4 – High impact 
If sum ≥80%, consensus is achieved 
5 – Most impact 
 
Figure 3.8: Determining consensus for collapsed categories 
 
Delphi round 3: The responses from the Delphi round 2 questionnaires were 
analysed using SPSS software, undertaking the following process. 
• Set up SPSS database so that each element from the questionnaire is entered as a 
separate variable 
• Input responses alongside their master code 
• Run frequencies on the entire dataset to determine the output percentage for the 
overall expert responses to each element 
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• Check for consensus. N.B. Consensus for this Delphi study is deemed to have 
been reached at 80%. Further information about how consensus was calculated 
can be found in the previous section: Method for determining consensus 
• Check for stability across rounds 2 and 3. N.B. Stability for this Delphi study has 
been determined using Cohen’s Kappa values. Further information about how 
stability was calculated can be found in the following section: Methods for 
determining stability. 
The results of the Delphi round 3 can be found in Section 5.7.2 of Chapter 5. 
Stability of responses: The stability of expert responses between rounds is often 
not reported in Delphi findings. In a review of numerous Delphi study’s, Bardecki (1984) 
noted the absence of tests for stability as a notable failure in the application of the method 
by many researchers. Furthermore, Crisp et al. (1997) in (Hasson et al., 2000)  and Scheibe 
et al. (1975), Erffmeyer et al. (1986), Taylor et al. (1990), and Martino (1993) in (Keeney et 
al., 2011) question the value of using percentage measures only to determine consensus 
suggesting this is insufficient and measuring the stability of expert responses may be a 
reliable addition. The condition for stability, as first stated by Dajani et al (1979) in 
(Keeney et al., 2011, von der Gracht, 2012) is “the consistency of responses between 
successive rounds of a study”. The chi-square test is one method that has frequently been 
used to determine individual stability, as Chaffin and Talley (1980) outline, although 
according to Holey et al. (2007) this method has not been used in recent history of Delphi 
studies. The most common test for determining stability across responses in recent 
literature, is the use of Kappa statistics (Holey et al., 2007). In this case, stability refers to 
‘within-subject’ level of agreement for expert’s responses to two rounds. It does not refer 
to agreement across the group of experts. Therefore, Cohen’s Kappa has been used to 
determine stability between rounds 2 and 3 of this Delphi study. Cohen’s Kappa is a 
statistical measure of inter-rater (or in the case of Delphi studies, inter-round) reliability. 
It generally ranges between 0 and 1.0, although negative numbers are possible but not 
useful. Larger numbers indicate a greater level of reliability, or stability across rounds 
and values closer to 0 indicate almost no stability. The levels of stability based on Cohen’s 
Kappa values are indicated in Table 3.11, based on the work of Landis & Koch, 1977. The 
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results of the Kappa calculations for stability across rounds 2 and 3 of this Delphi study 
can be found in Section 5.7.2 of Chapter 5. 
Table 3.11: Level of stability represented by Kappa values 
Kappa value Interpretation 
<0 Poor stability 
0.00 – 0.200 Slight stability 
0.201 – 0.400 Fair stability 
0.401 – 0.600 Moderate stability 
0.601 – 0.800 Substantial stability 
0.801 – 1.00 Almost perfect stability 
3.4 RESEARCH QUALITY 
Quality tests are different for quantitative and qualitative research (Yin, 2009). For 
instance some qualitative researchers argue that the techniques used to assess 
quantitative research, such as reliability - referring to the consistency and repeatability of 
results from an investigation- and validity - referring to the accuracy of the means of 
measurement - are not appropriate for assessing qualitative research and prefer to use 
alternate measures such as trustworthiness – comprised of credibility, transferability, 
dependability and confirmability (Frambach et al., 2008). Specific to the Delphi technique, 
there is very little discussion and no consensus in the literature about what measures can 
be undertaken to evaluate methodological rigour in studies of this nature (Hasson, 2011). 
This is partly due to the inconsistency in its application and the flexible nature of the 
method. This flexibility of the technique is often seen as one of the benefits, which is 
paradoxical given it also leaves the method open to criticism by some reviewers (Hasson, 
2011). The modified Delphi technique used in this research, comprises both qualitative 
and quantitative elements, positioning it somewhere between the positivist (quantitative) 
and naturalistic (qualitative) paradigms (Hasson, 2011). Some critiques of the technique 
such as Sackman’s (1975) observe that many studies do not address the reliability and 
validity (quantitative measures of quality) of their findings. Other authors such as Fink 
et al. (1991) in Powell (Powell, 2002), however, argue that the technique should not be 
exposed to the same quality criteria as ‘hard science’ as it is “intended to correct for lack of 
conclusive data by drawing on and sharing the knowledge and experience of experts”. Taking 
these arguments into account, the interview and Delphi portions of this research have 
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been considered in terms of trustworthiness and it’s components in accordance with the 
quality measures proposed by Lincoln & Guba (1985), which have been widely adopted 
in the qualitative paradigm.  
Numerous authors believe trustworthiness is a more appropriate measure of rigor 
than reliability and validity for Delphi studies due to the mixed qualitative and 
quantitative nature of the method. There are four main strategies for determining 
trustworthiness. The first element of trustworthiness is credibility - the extent to which the 
research findings are believable to others (Frambach et al., 2008). There are a number of 
methods to achieve this and within this research, credibility was achieved by 
triangulating the findings i.e. using multiple data sources and methods. Specifically, this 
research included an analysis of literature, followed by interviews, followed by the 
qualitative and quantitative elements of the Delphi study to explore the research 
questions at hand. In addition to triangulation, gaining feedback on the results from 
participants (commonly called member checking) is a technique that may be used to 
achieve credibility (Engles and Kennedy, 2007 in (Hasson, 2011)). This technique was 
employed within the Delphi study by way of ongoing iterations and feedback to the 
panellists. 
The second element of trustworthiness is dependability - the stability of the data, or 
extent to which the findings are consistent in relation to the contexts in which they were 
generated  Cornick (2006) in Hasson, (2011) (Frambach et al., 2008). Dependability was 
achieved in this research through three methods: iterative design – continuously re-
examining data to inform further data collection; flexibility – remaining flexible and open 
towards the process and topic; and the use of Kappa’s coefficient to measure stability of 
the data across Delphi rounds. The design of this Delphi study was ongoingly modified 
according to the findings from each stage. Modifications include the reduction in scope 
after the interview round and the addition of the pre-Delphi round. A third method for 
achieving dependability which can be employed, but wasn’t in this research due to 
limited time and resources is saturation – collecting data until no new themes emerge. 
The third element of trustworthiness is confirmability - the extent to which the 
findings are based on the research participants and settings instead of researcher biases 
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(Frambach et al., 2008). The nature of the Delphi technique is conducive to confirmability 
in that the technique relies on continuous feedback and confirmation from participants. 
In addition to gaining participant feedback, confirmability can be achieved by keeping a 
detailed description of the collection and analysis approaches (Powell, 2003 in (Hasson, 
2011)), which was performed for both the interview and Delphi portions of this research. 
The final element of trustworthiness is transferability - the extent to which the 
findings may be transferred or applied to another context (Frambach et al., 2008). This is 
achieved by providing rich enough data so that other researchers can make judgments 
about the transferability of the findings to different settings. Some suggestions for the 
transferability of this research are outlined in Section 7.5. Methods for ensuring adequate 
richness of data within this research include describing the findings and context in detail, 
explaining the sampling strategy and discussing the findings in accordance with existing 
literature. (Hasson, 2011) 
3.5 ETHICS 
The most typical way of defining ethics is by relating them to norms of conduct that 
distinguish between acceptable and unacceptable behaviour. With respect to the research 
procedure outlined within this chapter, the Queensland University of Technology (QUT) 
Research Ethics office deemed it necessary to gain ethical clearance prior to conducting 
any research involving contact with people. This included the semi-structured interviews 
and pre-Delphi and Delphi process. In accordance with QUT’s Human Research Ethics 
requirements, an ethical clearance application was submitted and approved prior to this 
data collection under approval number 1300000260. The main approach to managing 
confidentiality was through a process of informed consent where participants were 
advised of: 
• the purpose of the research; 
• the proposed extent of their participation; 
• confidentiality precautions that would be implemented; and 
• what they could expect to get out of their involvement in this research. 
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3.6 SUMMARY 
This chapter contained an overview of the research approach and methods that 
were used for this investigation. Each of the research methods were selected for being the 
most appropriate choice in response to the research questions identified from the 
literature review. The mixed methods approach was deemed most appropriate for this 
type of foundational enquiry, where interviews were conducted first, followed by the use 
of a four-round modified Delphi study. The specifics around implementing each of these 
methods was discussed, highlighting the importance of rigour in the Delphi technique as 
a condition of suitability for this research. 
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CHAPTER 4: INTERVIEW FINDINGS 
“You can focus on things that are barriers or you can focus on scaling the 
wall or redefining the problem.” 
Tim Cook 
4.1 INTRODUCTION 
This chapter contains the findings from the qualitative interview portion of this 
research. The semi-structured interviews were conducted in order to gain a broad 
understanding of the various attitudes and experiences of innovation in the water sector 
from people at a range of levels and backgrounds. This part of the research forms the 
foundation for uncovering the key elements associated with implementing innovation in 
practise. Although sustainability is not an explicit theme of the discussion, it continues to 
underpin it. The findings from the interviews have been used to inform the development 
of the Delphi study.  
This chapter also includes the profile of the interview participants, the types of 
questions that were asked and how they relate to the core research questions; and details 
the findings from the interviews, discovered through the coding process. A discussion 
about these findings and how they relate to the formation of the pre-Delphi questionnaire 
is also included. 
4.2 PARTICIPANT PROFILE 
A total of 12 people took part in the interviews. These 12 participants comprised 
representatives from four Australian states; included samples from government, research 
and industry organisations of varying sizes; and were all water professionals with a 
variety of experience levels. Two international participants were also included at this 
early stage as a means of gaining an international perspective. In total, these 12 
participants were deemed to be sufficient for this stage of the research.  An overview of 
the participants is displayed in Table 4.1 and a breakdown of key traits i.e. years’ 
experience, background and geographical region is displayed in Figure 4.1 to Figure 4.3. 
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Table 4.1: Overview of interview participants 
ID Position Organisation Type 
Professional 
Area 
Geographical 
Location 
1 General Manager Government Planning US 
2 General Manager Industry Engineering VIC 
3 Professor Research Engineering QLD 
4 Environmental Scientist Government Engineering/ 
Science 
VIC 
5 Technician Government Science NSW 
6 Chief Technology Officer Industry Engineering US 
7 Director Industry Architecture VIC 
8 Resource Management Government Science NSW 
9 Chief Technology Officer Research Engineering Singapore 
10 Natural Resource Officer Government Engineering NSW 
11 Director Industry Science SA 
12 General Manager Government Engineering Denmark 
 
 
 
 
 
Figure 4.1: Type of organisation respondents are employed by 
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Figure 4.2: Years’ experience of respondents 
 
 
Figure 4.3: Geographic location of respondents 
 
4.3 INTERVIEW FORMAT AND QUESTIONS 
The interviews were conducted via phone or Skype and went for between 20 and 
40 minutes. An interview question sheet that contained a base list of questions was 
developed for each participant, although this was used as a guide only and the discussion 
was free to flow where the interviewer saw value. The questions were designed to be 
open-ended and comprised three to four key topics to guide the interview. These key 
topics were: 
• Tell me about you and your experiences; 
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• What sort of innovations have you seen introduced in the water sector? 
• What enabled those innovations to be introduced?  
• What do you think gets in the way of innovation at your company/ in the sector? 
The interviews, and key topics covered were primarily conducted to contribute to 
Research Question 1: Which three barriers, drivers and enablers for innovation in the 
Australian water sector would provide most potential benefit from investigation? 
4.4 INTERVIEW RESULTS  
This section contains the results and initial findings from the semi-structured 
interviews. The interviewees comprised 12 participants from the water sector either in 
Australia or internationally. All of the interviews with the exception of respondent 
number 1 were recorded and transcribed. 
Phase 1: Open coding - During the open coding process the interview transcripts 
were coded using NVivo software as detailed in Chapter 3, Section 3.3.2. This involved 
combing the data word by word and line by line to identify relevant categories. New 
categories were added as new concepts emerged from the data and a preliminary tree 
node structure began to emerge. 141 case nodes emerged through this process, 
representing emerging themes from the data. 
Phase 2: Revisiting initial coding - After the first pass of this coding process, the 
nodes were revised and refined, resulting in a list of 91 nodes. These 91 nodes comprised 
nine Level 1 nodes; 62 Level 2 nodes; 16 Level 3 nodes; and four Level 4 nodes. 
Phase 3: Developing initial categories - At this point, the first tree node structure 
began to emerge. This involved exploring each node individually and establishing 
appropriate links and relationships between the nodes. The result of this process was a 
comprehensive tree node structure consisting of parent and child nodes. 
Phase 4: Reviewing the list of categories - This phase involved reviewing the 
classifications, hierarchy and content of the nodes. This included combining similar 
nodes, or separating nodes out into multiple classifications and revising parent/child 
relationships between the nodes. This resulted in the final tree node structure of the 
interview data, which is displayed in Appendix B1: Final tree node structure. This tree 
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node structure indicated the emergent themes from the data. The first and second level 
nodes i.e. themes and factors are identified in Table 4.2. 
Table 4.2: Themes and factors from interviews 
Themes Factors 
Barriers 
• Conservative or risk averse nature of the water sector 
• Lack of demand and resistance to support innovation 
• Tendency to start from past based practices  
• Ineffective policy or regulations 
• Cost or economics 
• Ineffective knowledge transfer between research and 
industry 
• Other 
Drivers 
• Resource demand 
• Policy or regulation 
• Long-term thinking 
• Thought leadership and/or stretch targets 
• Other 
Enablers 
• Framing the problem 
• Knowledge sharing 
• Collaboration 
• Trust 
• Confidence/proven results 
• Combining with traditional technologies 
• Holistic commercial interest 
 
Phase 5: Revisiting categories - During this second pass of the coding process, 
every line of interview text was revised to check the appropriateness of the coding. Where 
it was coded incorrectly, or the revision of node structures meant that it no longer fitted, 
the data was re-coded appropriately.  
Phase 6: From categories to concepts - This final phase involved identifying the 
major themes that emerged from the data. In this research, these categories were 
discovered as: barriers, drivers, and enablers. 
4.5 THEMATIC ANALYSIS 
Once the key categories were established through the coding process, a thematic 
analysis of the data was conducted. Through this process it was possible to identify 
themes that were readily discussed, those that converged towards consensus and those 
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where participant’s views were divided. The findings from this analysis have been 
included herein, and are laid out as general findings from the interviews, supported by 
short, direct quotes from the interview transcripts. In many cases these findings were also 
tied back to the literature on innovation and sectoral systems of innovation in an attempt 
to enhance the depth of findings. The key themes that emerged from the coding process 
were established as being: barriers, drivers, and enablers, and the interview findings have 
been presented based on these key themes. The following analyses indicate learnings 
from the interviews and what insights were discovered and used to inform the Delphi 
questions.  
4.5.1 THEME 1: BARRIERS 
The key barriers to innovation in the water sector as observed by the interview 
participants are outlined in this section. Responses emerged in seven key groups as 
displayed in Table 4.3, and are discussed in detail in the following section. 
Conservative or risk averse nature of the water sector 
A factor that emerged as a barrier to innovation in the water sector was the 
conservative or risk averse nature of the sector, which seven of the 11 participants cited 
as being an inhibitor to innovation in the water sector. This is supported by previous 
studies, such as Farrelly and Brown’s investigation into the Australian water sector, 
which uncovered a fundamental aversion to risk across the sector (Farrelly and Brown, 
2011). The findings from this research provide additional insight into the core reasons for 
such a conservative nature. 
Water sector formed on past based structures and practices 
Some participants viewed the conservative nature of the water sector as the result 
of being based on the past practices and philosophies of the sector. For example, 
participant #8 said 
“The philosophies of the past still have a big impact.....The water industry 
around the world all started with pipe in your water, pipe out your waste and the 
whole system has been built on that idea.” (#8) 
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Table 4.3: Theme 1: Barriers to innovation in the water sector 
Theme: Barriers 
Factors Key points 
Conservative or risk averse 
nature of the water sector 
• Water sector formed on past based structures and 
practices 
• Avoiding failure/ little reward or acknowledgement 
for successes 
• An alternative view 
• Scepticism/ need for proven results 
• Lack of acceptance by public or industry 
Lack of demand and 
resistance to support 
innovation 
• Lack of demand 
• Passive culture in organisations 
Tendency to start from past 
based practices  
• Starting from previous solutions 
Ineffective policy or 
regulations 
• Regulations not up to date with modern society 
• Policy caught up in the political cycle 
• Increased and unnecessary cost to comply with 
regulations 
• Reluctance or no thought to push for change 
Cost or economics • Business case for innovation 
• Financial interests dominate 
• Availability of funding 
Ineffective knowledge 
transfer between research and 
industry 
• Between research and industry 
Other • Intellectual Property 
• Maintenance requirements 
 
 
This comment points to the notion that because the system was originally 
established in one particular manner, it just continued to operate in the same way. A 
comment from participant #12 points to the possible reasoning behind this, indicating 
that the stability of the technology may be a key factor. 
 “Because the (drinking) water sector is so traditional and has been formed 
years back technologies are very stable, conservative, and keeping control. So breaking 
in innovation and new ways of thinking are difficult in this sector.” (#12) 
This statement contains two key points. The first is that the stability of the 
technology or infrastructure makes it difficult to change or introduce new ways of doing 
things. This can often be the case with socio-technical systems, which are often large, 
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complex and slow to adapt to changing conditions. For example, water systems in 
western societies are generally well established and are the result of large amounts of 
past capital investment. Therefore, actors (individuals and organisations) can be reluctant 
to abandon these previous investments, especially when the costs of transforming or 
adapting an existing system can be very high. Building new water infrastructure can also 
be very expensive and the high upfront costs can be a significant barrier to 
implementation of more sustainable alternatives. The second point participant #12 made 
was around the mindset or culture in the sector, which he asserts is conservative and 
about retaining control. He further reinforces this point with the following statement. 
“My concern is innovation and a different perspective in the water sector is 
definitely needed because the water sector is so traditional and working in the same 
mindset that we formed years back. And so to challenge the basics of what we’re doing 
and why we’re doing it is needed, and it is also difficult because the sector is formed on 
very few people who confirm their beliefs in legislations and reports and so on. So if 
one of these people breaks out and suggests new ways of working or new ideas he is a 
‘disbeliever’.” (#12) 
This comment suggests that the mindset within the sector is based on philosophies 
formed in the past and is difficult to challenge. This participant uses the term ‘disbeliever’ 
to describe someone who suggests or attempts to adopt a new or innovative practise, 
indicating that the conservative culture of the sector goes further than just a resistance to 
try new things, but extends to making individuals who do attempt to operate outside 
conventional boundaries feel excluded. 
This discussion leads into the next point about avoiding failure and the lack of 
reward for or acknowledgement of successes when experimentation does go well. 
Avoiding failure/ little reward or acknowledgement for successes 
A number of the participants reported that it is common within the water sector to 
avoid trying new things or entering into situations that may result in ‘failures’. For 
example, each of the below comments indicate the necessity to have evidence of a 
successful pilot or trial before a new concept will be considered. The problem with this 
need for security as a cultural norm across a sector is that it creates a chicken and egg 
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scenario where no one is willing to risk being the first to trial a new technology in case it 
fails. The following comments are representative of this view from the interviews. 
“Public authorities generally tend to be very conservative. They don’t want to 
try anything new.” (#11) 
“They won’t trial something unless it has been done before and is shown to have 
worked effectively.” (#8) 
 “One of the biggest problems with WSUD is it still doesn’t have enough 
science behind it.” (#3) 
 “It’s a very risk averse industry as well so trying something very new and very 
different is going to have to demonstrate significant financial benefit before given go 
ahead.” (#8) 
The final comment by participant #8 indicates that if significant financial benefit 
can be demonstrated, a new idea may be attempted. This comment points to the idea that 
the basis for decisions about trying new things are to a large extent based on financial 
factors. Whether or not this is the case is explored further under Theme 2: Drivers. 
During these discussions, mentions of ‘avoiding failure’ were often accompanied 
by statements about there being ‘no/little reward for success’. For example 
“There is little reward for taking a chance and much fear about being seen doing 
something different.” (#11) 
 “…water is the classic public monopoly so performance [is not] rewarded that 
well and failures [are] quickly and severely punished so you have to change the system 
if you want different behaviour. If we had a system that rewarded success and [was] 
more tolerant of failure.” (#6) 
The statement by participant #6 in particular, explicitly states that performance is 
not well rewarded and believes that this is a result of a monopolistic market failure that 
exists within the water sector. It is worth noting that this participant is US based, so the 
structure of the market he is referring to is different to the one that now exists within 
Australia. The Australian water sector has undergone significant reform over the past 20 
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years and especially since 2004, where most of the utilities were restructured from being 
state-owned monopolistic public sector departments to private corporations with a profit 
orientation (Fuenfschilling and Truffer, 2014). Despite the fact that this restructure may 
have created gains in efficiencies including initial workforce culls, significant innovation 
is still lacking. More research is required to determine if successes are any better 
rewarded under the revised privatised structure in Australia. 
The next key point about avoiding failure that was drawn out from the interviews 
related to the impacts if something goes wrong. Participant #12 touched on this, saying 
“…breaking in innovation…is difficult in this sector. Also, the effects are 
critical if it doesn't work.” (#12) 
This aligns with previous research around innovation in the Australian water 
sector that was conducted by Farrelly and Brown in 2011, which found that the dominant 
conversation about aversion to failure in the sector was related to the public health 
implications. When probed, the researchers found additional perceived consequences of 
failure as being: cost burdens, reputation risk, political and legal liabilities, and loss of 
future opportunities (Farrelly and Brown, 2011). The perceived risk within the sector was 
also drawn out of this body of research, including the risk of backlash resulting from a 
failed experiment or event. This is re-iterated through these interviews, with comments 
such as  
“There is little reward for taking a chance and much fear about being seen doing 
something different.” (#11) 
Expanding on this unease around failure, some participants discussed the impact 
of previous failed experiments demonstrating a belief that ineffective past projects often 
creates an aversion to experimentation in the future.  
“…if out-of-the-box projects have been done in the past but have not been done 
properly, that creates a whole ‘we really don’t want to go there’ type attitude.” (#4) 
 “Yes. We put all this money into it and people could see it as a failure and 
think why bother doing it again.” (#5) 
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These comments are again re-iterated by Farrelly and Brown (2011) who found that 
85% of interview respondents (out of 155 in the study) believed that a fear of failure 
limited experimentation. 
An alternative view 
Despite the dominant discussion around failure being grounded in fear, there was 
some opposition to this discourse. For example, participant #9 who views his 
organisation as a global leader in water innovation says 
 “Not every project succeeds, some projects will fail but generally as an overall 
view, our payback is quite good (#9) 
From the bulk of the discussions, this view put forward by participant #9 is 
generally contradictory to the culture that many other participants talked about. It 
appears that within this participant’s organisation, failure is viewed as part of the 
innovation process, as opposed to something to avoid. Additionally, participant #7 
discussed the contributing factors to working on a successful innovative project. When 
asked what made the integration of innovation into a particular project easier, he 
responded with 
“Client was prepared to take some risk.” (#7) 
The above statements indicate that if risk and failure is seen as tolerable and part 
of the process of innovation, it allows for much more freedom for the project team. 
Scepticism or a need for proven results 
Some of the interviewees highlighted scepticism as a barrier to innovation. This 
included two, who were at the time of the interview, in the process of undergoing pilot 
projects and testing for innovative projects. Both of these interviewees noted this as a 
source of frustration, yet empathised with the reason for it. One participant stated 
“There are two barriers. The first one is ‘it’s too good to be true.” I’ve been in 
the business for a long time and there have been snake oil salesmen that have come by 
periodically through my career so I understand and respect the scepticism that people 
have and I think that’s a healthy thing – natural scepticism.” (#2) 
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“I wouldn’t expect any client to just believe everything we’re saying and just go 
ahead and take out what I’m doing right now, which is inefficient, and put this other 
thing in.” (#2) 
Another, made a much more targeted comment about the nature of engineers in 
his opinion, saying  
“Engineers are going to be a little more cautious about making it work – for 
engineers to be persuaded they need to see the benefit in the form of hard data of how 
different devices work.” (#1) 
This comment reiterates previous statements about the conservative nature of the 
water sector and the need for proven results, in this case in the form of hard data.  
Lack of acceptance by public or industry 
Another part of the discussion uncovered that even when a viable solution does 
exist, another barrier to the actual implementation is a lack of acceptance, either by the 
public or by industry. This occurrence is referred to in innovation literature as ‘prevention 
of adoption’, where actors (individuals and organisations) within a system, have a 
negative impact on the rate of diffusion. For example 
 “My experience from talking to people and trying to promote some of these 
things myself, is that acceptance is the issue, not finding solutions. So the constraint 
is not supply of solutions, the constraint is the demand for solutions.” (#6) 
A specific example of this was expressed by participant #3 when discussing the 
discarded proposal to trial recycled drinking water in Toowoomba, Queensland.  
“There was a lot of community opposition through referendum in Toowoomba 
and misunderstanding. At least it [the infrastructure] is there if attitudes change or 
we get hit with a huge drought again.” (#3) 
This lack of acceptance by the community existed despite the dire need for 
alternative approaches to water supply as a result of drought at the time, indicating that 
just having a solution is not satisfactory if the situation is not adequately communicated 
to the users. Community opposition has been a terminating barrier for a number of water 
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based initiatives throughout history. Another prime example of this was the fluoridation 
of water throughout the United States during the 1950s (Nelson and Winter, 1977). 
Lack of demand and resistance to support innovation 
There was some discussion about there being a lack of demand for innovation or 
improved service from the public or society. Participant #6 believes this is because the 
general public are unaware of the poor level of service that is provided by the water 
sector.  
“…look at the level of performance and there are failures that occur all the time 
– one of the things the profession needs to do is be a little less satisfied with its level of 
performance.” (#6) 
 “… the public has the perception that if they don’t hear anything then things 
are going fine, when in many instances they aren’t.” (#6) 
It is also worth noting that in sectoral systems such as the water sector, demand is 
not created by a group of similar buyers (as in most economic theory), but is rather 
formed by a diverse group of actors (Malerba, 2005) such as individuals, private 
companies, industry bodies, governments, and other sectors. Therefore, although this 
participant has identified the general public as being oblivious to the state of the water 
sector, and resulting in a lack of demand for innovation, this may in fact extend to 
organizations, governments and other users of the water sector. 
Passive culture in organisations 
In a discussion about the main difficulties in integrating innovative technologies 
into water projects one response that was representative of the discussions was about 
organisational culture. “Getting the culture within the corporation to consider it.” (#4) 
This is aligns with barriers to innovation in general, where organisational culture 
is commonly cited as one of the most important factors that allows for innovation 
(Ahmed, 1998). Participant #9 adds to this discussion, referencing the tendency for public 
utilities to be passive when it comes to innovation, often waiting for others to come to 
them with ready-made solutions rather than identifying an area for improvement and 
being pro-active about finding a solution. 
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 “Most other utilities are very passive. Someone comes up with a solution, they 
come to me or let them develop to fruition and they come to me.” (#9) 
On the flipside to this conversation, some participants expressed their view that 
there is currently a trend in the water sector towards a more innovative mindset, with 
comments such as 
 “I still think there is a slow transition happening towards being a bit more 
innovative and thinking a bit differently.” (#8) 
 “I think there is quite a significant shift towards being innovative.” (#8) 
Participant #12 made a statement that reiterated this view, saying 
“It got to the point where there were few people left in the sector [in Denmark] 
and they were generally very conservative. Now the sector is increasing in size again, 
becoming aware of the export technologies, then new people will come in and challenge 
the basic beliefs again. So this dynamic needs new way of thinking; of bringing 
creativity, innovation and new ways of thinking about what we’re doing.” (#12) 
This discussion indicated that while there is certainly a view that organisational 
culture can be a barrier to innovation in the water sector, which is backed up by literature, 
there is also perception that a positive shift is occurring in terms of organisational 
attitudes to innovation, which may result in a reduction of the impacts felt by this barrier 
in the future. 
Tendency to start from past based practices 
It is a normal human tendency when approaching a new problem, to gravitate 
towards solutions we have implemented in the past. Some of the discussion, however, 
indicated that this may not always reap the most effective solutions. Participant #6 
discusses the inclination for professionals when approaching a problem, to consider it 
from the perspective of similar problems they have solved in the past, saying 
“Technical people come with a reservoir of solutions so when a situation is 
presented to them, their first thought is about the solutions they have used before.” 
(#6) 
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Along a similar vein, participant #4 stated 
“…most people don’t want to change so they’ll just continue doing it the way 
they’ve always done it.” (#4) 
“If you’re not willing to take away the box then you can’t think outside it.” (#4) 
Adopting this strategy of going straight to past solutions makes sense as a measure 
to improve efficiency and also to avoid making the same mistakes repeatedly, however, 
when it comes to thinking differently and seeking out new innovations, it may not be the 
most effective approach. Simply knowing that we need to think differently doesn’t 
necessarily make it possible, as starting from scratch requires additional time and 
knowledge sharing, both of which are also cited as barriers in this field. 
Ineffective policy or regulations 
There were differing opinions among respondents about whether policy and 
regulations are key barriers to innovation. On one hand, some participants believe that 
policy and regulation are significant barriers, remnants of the past and impede progress 
while others believe that it is possible to work within the bounds of the current system 
and some that believe they can actually aid innovation. 
The following statements were made by people who believe policy and regulations 
have a negative impact on innovation in the sector 
“…the regulatory approach that is used in water – they often specify practices. 
Regulations often say ‘do this’ rather than articulate a level of performance…when 
you specify a practice that is really an inhibitor to innovation.” (#6) 
“Regulation is the biggest initial stopper. You can come up with an idea that 
you think is really practical and the first thing they’ll see is the regulations and they 
won’t want you to do that. That is often the point that higher management will stop 
listening.” (#4) 
“Policy drives thinking. Not the other way around.” (#3) 
These views are supported by literature, which indicates that while regulation is 
not a barrier to developing innovations, it is still one of the primary hurdles to actually 
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implementing many new concepts due to the need to comply with existing regulatory 
frameworks. While the next statement was made by someone who believes it is possible 
to work within the current policy and regulatory framework, it still fits with the above in 
that the discussion is focused around developing rather than implementing innovation. 
 “…if we allowed the regulations to be what guided us, those ideas would never 
have been come up with. They went against what was currently legislated.” (#4) 
In contrast, participant #12 believes regulations could be a driver as well as a 
barrier, saying  
“They are not necessarily barriers. Quite often, if put in the right way they can 
be a good challenge. Regulation can be a barrier if it is just to minimise cost. But …. 
[it can be] a way to put creativity in technical solutions.” (#12) 
Each of the above comments indicate that views about the impact of policy and 
regulations in terms of innovation in the water sector are diverse. They appear to be based 
on the participants own past experiences, which vary from person to person. 
Regulations not up to date with modern society 
Some participants believe that current regulations and policy in the water sector 
are remnants of the past and may no longer be appropriate for the modern systems. These 
views are indicated by statements such as those made by participant #6, who explores 
the notion that current regulatory systems were set up very effectively for the time in 
which they were created; however, since then our organisations, knowledge and 
technical abilities have evolved. Unfortunately, the regulatory system has not kept up 
with the times and rather than being an enabler to performance and efficiency as it was 
originally intended, it is now more of a hindrance to improvements in these areas. 
 “The way people are educated, the way people think, codes, regulations, the 
whole system by which people do their work is set up to efficiently implement. But 
these systems have evolved over time so they’re set up to efficiently implement what 
we’ve done in the past…The system is set up to do what has been done in the past and 
what has proven successful in the past.” (#6) 
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Participant #4 reiterated this sentiment and expressed her belief that current 
regulations may not be on par with modern society and technical abilities, saying  
“Yeah, turning it around to be risk based and impact based rather than this is 
better. We’ve kind of come past needing to have those standard guidelines.” (#4) 
Participant #10 discusses the impact of the past on regulations and how decisions 
made in the past impact modern and future operations. 
 “Precedence comes from one decision so one bad decision gets made and there is 
an expectation that a similar decision in the future will be made on the same basis. 
That affects the ability to provide innovation and to make future decision making 
better.” (#10) 
While none of these participants express an aversion to regulations in totality, they 
do all express concern about whether those that are currently in place are the best possible 
regulations to allow for operations and innovations within the modern water sector. 
Increased and unnecessary cost to comply with regulations 
The continued growth in regulations in the water sector over time may have had 
an important impact on innovation. While many innovations focus on improving 
performance through either incremental or breakthrough improvements, regulations are 
often focused on ensuring performance standards are met through specified or 
prescribed practices. This means that organisations can find themselves in situations 
where they must spend financial resources on mandated actions and technologies rather 
than investing in research and development to move towards more efficient processes, 
as indicated by the following statements. 
If the focus was on growth, developing new technologies and if we could focus 
on efficiency and operation and maintenance together, it would be much better. So you 
could say that the regulation now put in place is actually a barrier to innovation and 
creativity.” (#12) 
“…we need to reassess if we’re too highly regulated…and trying to provide for 
those regulations means there are generally higher cost for lower value outcomes. That 
is how we are building infrastructure.” (#4) 
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These comments refer both to how specified regulatory practices can result in 
higher costs for the same or lower quality outcomes than alternative methods. It is 
suggested in literature that another cost impact resulting from regulations, is the various 
regulations e.g. health, environment and economic, which are often not complementary, 
and can result in wasted resources (Elements Strategic and Risk Management, 2012). 
Policy caught up in the political cycle 
There was some discussion that the policies that exist to support research and 
innovation in the water sector can become caught up in the to and fro of the political 
cycle. Participant #8 describes an experience they had where a change in government 
caused the entire focus of research to shift midway through a project 
“From a government perspective, in Victoria (Australia) all of the water 
utilities are government organisations. When the government changes, the policies 
change and the water companies have to fit around that…. For example, we had a 
Labor government for a while and there was a strategic push to maximise change, and 
then Liberal came in 2011 and a lot of the water initiatives were scaled right back. The 
priorities, especially things like recycled water, are subject to government motivations 
and whims.” (#8) 
This statement indicates that policy (and as a result innovation) is at the effect of 
government cycles, where if an incoming government has competing objectives, then 
funding and projects that may have been in existence for a number of years are 
terminated. In this specific example, this appears to be an inhibitor to innovation, as well 
as a waste of resources – financial, time, and knowledge. 
Reluctance or no thought to push for change 
Another point around regulation and policy was made by one participant, who 
noticed that from her perspective there is rarely any pushback or attempt to change 
regulations. 
Referencing the customers “The customers often come up with the best ideas, but it comes 
back to – they think they’re tied by these regulations and can’t see that they could push for change.” 
(#4) 
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Referencing the consultants “Your consultants are often influenced by having the 
outcome be asset based… - it’s the way things have always been done because of how we’ve been 
regulated. Something is not working, they come in, and the only option for them is to build 
something to add to that treatment performance. It’s not within their scope to say ‘If this regulation 
didn’t exist we could try (another alternative)’.” (#4) 
This observation was made by a participant within the water sector working at 
ground level operations. Whether this is still the case at management or board levels was 
not discussed by any participant. 
Overall, while policy and regulations are viewed as being necessary in terms of 
ensuring public health and safety, the overarching commentary provided throughout 
these interviews indicated that in their current state they are often too prescriptive, and 
not necessarily updated to allow for modern advancements, meaning that they can 
actually be a hindrance to innovation. While this was the predominant flavour of the 
discussion, there were also some unique perspectives, such as the view that the rigour 
provided by regulations can force creative thinking and therefore innovation.  
Cost or economics 
Economic and financial barriers are one of the most commonly cited barriers to 
innovation in literature. This was reflected in the interviews, where cost was one of the 
most widely discussed concepts as a barrier to innovation in the water sector, with seven 
of the 12 participants discussing the impediment that financing or economics can be to 
innovation.  
Business case for innovation 
There has historically been a perception that environmentally sustainable options 
come at the expense of economic good (Nelson, 2012) or that upfront costs are high and 
a financial return can only be made over a long-term timeframe (Nidumolu et al., 2009). 
This view was upheld by much of the discussion about cost or finances, yet was also 
rebuffed by some participants. The following statements provide an overview of the 
balance of discussion about the business case for innovation in the water sector. 
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Firstly, comments that the business case for innovation is not strong or that the 
costs outweigh the other benefits 
“For the past 15 years there have been questions and some data indicating that 
the economic argument is not always persuasive”, and “…while economics is 
extremely important, it is still a grey area in how persuasive the numbers are.” (#1) 
“Generally, the initial cost of investment is quite high, not only in capital but in 
terms of people’s time, resources, money…so I think the main effort to get some of 
those new initiatives running is probably understated a lot of times.” (#8) 
“…and the paybacks are often much longer than people initially say. They say 
in three years we can achieve this, but it’s more like five or seven.” (#8) 
Situated more towards the middle of the spectrum, participant #3 indicates that 
cost may only a barrier if the client has little knowledge about the innovation, saying 
“If a customer has little or no knowledge…they might be more concerned about 
the economic side or how much it will cost…if they are knowledgeable they would 
insist that this stuff is incorporated.” (#3) 
Conversely, the views of participant #4 are at the other end of the spectrum, stating 
a belief that cost is not a barrier to innovation at all. This participant says that “some options 
are zero cost” but it is regulation that prevents these from being possible. 
Also, placed at this end of the spectrum, participant #9 discusses their 
organisation’s approach to keeping costs low by treating the innovation process as a 
business, and indicating that the business case for innovation can actually be solid. He 
states multiple times that “it’s not charity”, making it very clear that even though they are 
put resources into R&D, they are still being commercially minded about it. He describes 
how they work on a combination of long-term and short-term payback projects at the 
same time to ensure constant payback.  
“For every dollar that we put in, how much value is created? …we are quite 
proud to say that for every dollar we put in the payback is in months or years because 
of the savings for energy and everything. For [one project] we invested about $4 
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million into it. Just on 10% implementation (we are still phasing in the technology) 
the payback is less than a year. So this is how we keep our costs low. It’s not charity. I 
don’t have a blank cheque.” 
In essence, the views around whether there is a viable business case for innovation 
are varied from people who believe the business case has not yet been established, 
through to those who operate their organisations to develop innovations based on a 
viable business case. This lack of consensus may result from a variety of different factors 
and is worth further exploration.  
Financial interests dominate 
One participant shared their view that the decision making process can be quite 
political and commercial interests tend to dominate, saying 
“There is a lot of politics that come into the decision making process. That is 
where the environmental side of things might be dominated by commercial interests of 
the proponent in terms of land taken for urban use.” (#10) 
 “An example is the Environmental Planning and Assessment Act in New 
South Wales (Australia) that is currently undergoing review. In the [revised Act] the 
environment has much lower emphasis than the prior Act. The driver is for 
development and objectives are more about providing approvals faster. This is fine in 
terms of economic growth, but in terms of balancing the triple bottom line the 
environment gets the raw deal.” (#10) 
These statements indicate a top down focus on economic growth that is at the helm 
of government thinking in Australia and points to the impact this can have on projects. 
Availability of funding 
Participant #2 has had significant experience in both the United States and 
Australian water sectors. Comparing the support for innovation in the two countries, he 
says 
“If you go to [our company] website you can see how much funding we have 
received from different US government agencies …who have invested money in order 
Interview findings  
 Page 106 
 
to try to get the concept to the next step. [Alternatively,] when you look at how much 
money is available in Australia for supporting R&D, we just don’t get it.” (#2) 
This comment demonstrates the disparity of external funding available to 
organisations for experimentation or research and development from country to country. 
Overall, views about the impact of cost or economic factors towards innovation in 
the water sector were mixed, which is reflective of the broader literature. Views ranged 
from people who believe that innovative options come at the expense of commercial 
viability, or that large upfront capital is required to develop new technologies; through 
to those who believe that financial requirements pose no constraint to innovation and 
incorporating innovations can prove a solid business case. 
Ineffective knowledge transfer between research and industry 
There are barriers that arise from the separation groups within a sector, for example 
research from industry within the water sector. If not managed well, it can be difficult to 
share or transfer knowledge, because knowledge is often tacit, making it hard to access 
and articulate (Wiewiora, 2011).  
Comments about ineffective knowledge transfer between key parties, and 
specifically between research and industry, were made by a number of participants. For 
instance, participant #10 responded to a question about what would make the integration 
of innovation elements into projects more effective, by saying – relationships between 
academia and government authorities…” (#10) 
Additionally, participant #8 described a communication breakdown between these 
parts of the sector, saying  
“…people do research at a university and think ‘Yep, I can go out and apply 
this in the real world,’ and they go out and apply it for the first time and it falls in a 
heap.” (#8) 
Similarly, participant #3 initially described the barrier as being “a lack of knowledge”, 
however, on continuing the discussion, had an insight that perhaps the barrier was more 
of a “lack of translation of knowledge between researchers and the practitioner”. 
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Each of these responses suggests that there is something missing in the relationship 
between different areas (industry, government and research) of the water sector, and if 
knowledge transfer or collaboration could be better facilitated, this may result in 
improved outcomes. The topic of collaboration and how this may contribute to 
knowledge sharing is discussed in Section 4.5.3 Theme 3: Enablers. 
Other 
Intellectual Property 
There were a couple of comments about Intellectual Property (IP), which varied 
significantly.  Participant #2 (a consultant) believes IP can be a significant barrier to 
innovation in the water sector stating that  
“Clients have real concerns about getting patents on stuff, so we need to have 
non-disclosure agreements with [them] before we can reveal all of the information 
about a product. Therefore, IP is a block to providing all of the information I would 
like to – one of the features of the legal system is that if something can be proven to be 
common knowledge before a patent is given, you may not get a patent.” (#2) 
This participant sees owning and being protective of IP as a necessity. In contrast, 
participant #9 says that his organisation has a very different attitude towards owning IP. 
He says that 
“[we] will not fight to own IP…say if we own the IP for [a particular] 
technology, do you think [other researchers] would want to talk to me? No. I would be 
seen as a competitor. So we always try to be technology neutral.” (#9) 
This participant’s view is that trust is more important than owning the Intellectual 
Property and that the value of the idea is dependent on trust. For them there is more 
value in getting the innovation into existence and gleaning the ongoing savings from that, 
than in owning the IP for a technology, as demonstrated by this comment 
“Although we work with you and even though we fund the project, our internal 
justification is that we realise the value of the idea. The value of the idea is only good 
to me if I can implement it into my operation. And I will get the value on the savings 
from the municipal skill instead of jumping on IP.” (#9) 
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These opposing views may be the result of the participants being positioned in 
different sections of the market, with one being a technology provider and the other a 
technology user. 
Maintenance requirements 
There was some concern raised about ongoing maintenance being a barrier to 
nature based innovations, with a view that these types of systems can result in a large 
amount of upkeep and ongoing maintenance that may outweigh the potential benefits. 
This view was demonstrated by the following statements. 
“I like the idea of green infrastructure. The problem is when you put a lot of 
small solutions across a site, it can make for tedious monitoring, design and 
evaluation.” (#1) 
“Designing and constructing is the easiest part of the process. Long term 
operational maintenance is the biggest challenge. That is another concern I would have 
with biomimicry – how do we maintain this? How do we ensure that it is delivering 
what it is meant to be delivering?” (#3) 
The validity of these concerns is to be determined as it could be claimed that these 
concerns could apply to any technology, not just nature based innovations. 
Summary of barriers 
Overall, participants cited a large number of barriers to innovation in the water 
sector, which were collapsed into seven factors, covering: the conservative nature of the 
actors within the water sector, the lack of demand and support for innovation, the 
influence of the past, regulations and policy, financial elements, knowledge transfer and 
other. The conservative nature of the water sector was an in depth conversation covering 
a range of sub-topics including the impact of past based structures and practices; the 
tendency of the sector to avoid failures, which is a documented phenomenon within the 
Australian water sector; scepticism and a need for proven results; and the impact of a 
lack of acceptance by industry or the general public. In general, these topics had 
consensus from the participants, although the discussion about the nature of actors 
within the water sector to avoid failures included some alternative views, specifically that 
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there is a transition beginning to occur where we are starting to see instances of risk 
taking. The next barrier discussed was to do with a lack of demand and perceived 
resistance to support innovations in the sector; followed by a discussion about the human 
tendency to start from past based practices when approaching a problem. Ineffective 
policy and regulations was another key conversation, and was another section that 
contained some disagreement among participants. On one hand, some people believe 
that the current state of policy and regulation is an inhibitor to progress in the sector, with 
regulations not being kept up to date with modern society and as a result requiring 
unnecessary costs and efforts to comply. Others believe that current policy and 
regulations pose not barrier to organisations or individuals developing innovations and 
can even be a driver for innovation. Ineffective knowledge transfer between research and 
industry was cited by some of the participants, suggesting that there is a missing in this 
relationship. Finally, the cost or economics required to support innovative practices was 
discussed, with varied opinions about the adequacy of the business case for innovation, 
the dominance of financial interests and the availability of funding for innovations. 
Overall, the discussion about barriers to innovation was prevalent and provided a solid 
foundation for further investigation through the Delphi study. 
4.5.2 THEME 2: DRIVERS 
Drivers for innovation in the water sector were discussed by the interview 
participants and responses emerged in five key groups as displayed in Table 4.4 on page 
110. These responses are discussed in further detail within the remainder of this section. 
Resource demand 
Arguably, the greatest driver for innovation is need, and the global challenges 
caused by resource scarcity create that need. Demand for resources such as water, energy 
and land were all discussed as drivers for innovation.  
Water 
Demand for water can be a significant driver for innovation, particularly around 
increased efficiencies. Participants discussed the driver caused by demand in terms of 
combating scarcity and the effect of increasing prices. 
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Table 4.4: Theme 2: Drivers for innovation in the water sector 
Theme: Drivers 
Factor Key points 
Resource demand • Water 
• Energy 
• Land 
Policy or regulation • Performance based 
• Recent movement by regulators 
Long-term thinking • Business as usual 
• Uncertainty of timeframes 
• Long lifespan of water systems 
Thought leaders and/or stretch targets • Going beyond standards 
• Drives action 
Other • Customers 
• Environmental good 
• Time 
• Decreased maintenance 
 
Participant #3 refers to a drought situation in Queensland during the early 2000s 
when the dams were below 15% and governments enforced Level 6 (severe) water 
restrictions. Although Brisbane was running out of access to water, the Gold Coast, less 
than 100km away still had access to surplus water in the Hinze Dam. This statement 
demonstrates how water scarcity was the driver for a large scale investment in the water 
sector that otherwise probably would not have occurred. 
“The water grid connected all the reservoirs together and collected all the 
treatment plants together. So if one reservoir was running out of water you could 
always get water from another reservoir and same with treatment plants. I think that 
was about the cleverest thing the government did even though it cost a lot of money so 
that you could share the surplus water instead of it going to waste.” (#3) 
He goes on to provide another example of innovation from a country that 
consistently has a scarcity of water resources, saying 
“Globally, the best example in terms of water conservation is Singapore. Even 
drinking water is 75% recycled water.  Singapore doesn’t have much water resources 
so they import water from Malaysia and aggressively recycle wastewater…they treat 
it to very high quality and mix it with fresh water.” (#3) 
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This comment is reiterated by participant #9 who states the lack of access to water 
sources is a big driver for innovation. 
“The challenges faced by the country (lack of access to natural water sources) 
are a big driver.” (#9) 
 Participant #6 discusses the impact of water scarcity from a broader perspective 
and sees this as a key driver or reason to carry out future research and innovation in the 
water sector.  
“About half of the planet has truly safe water and only about a quarter have 
effective wastewater management so we have a big job to do there.” (#6) 
The above discussions highlight the imperative to innovate when the need for a 
resource like water would not otherwise be met. Some of the discussion also touched on 
the impact that the cost of water can have on the drive for the sector to become more 
innovative. Participant #5 said  
“…the price of water is cheap. Price needs to increase before industry will start 
to become more efficient.”  
This statement was reiterated by participant #3 who said  
“…the water…is subsidised because it is political. The price is dictated by 
politics.” 
These comments both indicate that without scarcity, the resource will be treated as 
abundant, which will eliminate the drive to innovate.  
All of the above comments indicate that scarcity, either in terms of the resource 
itself or that created by increasing the cost of the resource are drivers for innovation, as 
demonstrated by the situations in both Queensland (Australia) and Singapore where a 
lack of access to water has resulted in investment in innovation. 
Energy 
In addition to the scarcity of water itself, other resources such as energy also need 
to be considered in the supply and distribution of water. When considering the energy 
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requirements to deliver future water needs, participant #9 discussed the need of his 
organisation to begin preparing now, for the requirements 20 to 40 years into the future. 
“[These projects] buy me time to find alternative solutions. Today [the energy] 
is not a problem because the desal component is very low compared to the traditional 
component. But in 20-40 years the desal (sic) component will triple so the energy 
equation will change. It will not be sustainable.” (#9) 
 “That’s why we always look now for a better way to bring the energy down. 
The challenge now is ensuring that in the next 20-40 years I can still use the same 
energy as I do today, even though water consumption might double.” (#9) 
This discussion also ties in with the section on long term thinking, which is another 
driver identified for innovation in the water sector. 
Land 
Scarcity of land was first noted as a driver for innovation by participant #9 from 
Singapore, who said  
“Our need to be self-sufficient is the key driver…Maybe if [we were] the size of 
the US we would behave like everybody else. But because we are so tiny we have the 
imperative to come up with any other ways to overcome our land constraints.” (#9) 
Additionally, while land may not initially be considered a scarce resource in 
Australia, the increasing density of population in metropolitan areas means that the 
viable space for water treatment in these areas is shrinking. Participant #2 discusses an 
innovation that his organisation is researching to make more efficient use of the space 
water treatment plants require. 
“This process allows you to reduce the land needed for a wastewater plant by 
about 80%. Now, using just a single purpose, highly efficient, very tightly clustered 
networks to do the job rather than a big soup of undifferentiated microbes.” (#2) 
Ultimately, resource scarcity is a key driver for innovation in the water sector. 
While water scarcity will surely remain a driver moving into the future, with increased 
uncertainty around supply and demand scenarios, other contributing resources such as 
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the energy required to provide water and the land required to treat it are also important 
considerations for the water sector. 
Policy or regulation 
Policy and regulation were discussed as being both barriers and drivers for 
innovation in the water sector, which reflects the disparity in comments about this topic 
in the interviews. In terms of viewing these aspects as a driver, participant #3 says 
 “I think about what drives regulation and everything, it’s policy. The person 
who makes the ultimate decision may be an engineer but their thinking is driven by 
the policy. The technical aspects come second. At the highest level, it’s policy.” (#3) 
This indicates that if done well, policy could be a significant driver for innovation 
and change within the sector. Furthermore, participant #6 proposes that if regulations 
were to be less prescriptive, they too could be a driver, saying  
 “… if you’re establishing a performance requirement that can be routinely and 
reliably measured to assure performance that is an enabler of innovation, because if 
you can get the job done better, faster, cheaper; then the competitive world would 
encourage that.” (#6) 
Participant #4 goes on to illustrate that there may be some move by regulators 
towards a more performance based framework, and less prescriptive saying  
 “The EPA is not set up as a framework to be risk based. They used to be very 
‘yes, no, no, no, no’ but now if you do the investigation and show that there is no risk 
and get the community on board they are prepared to look at it.” (#4) 
These comments build on those made in Section 4.5.1, which generally indicated a 
belief that while policy and regulation are necessary, they currently act as a hindrance 
due to the way they are written and implemented. However, the discussion in this section 
also indicates that they do have the power and potential to be a key driver for innovation 
in the sector.  
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Long term thinking 
Considering solutions for the long-term was discussed by some participants as a 
driver to think about things differently. This thinking is consistent with the idea that due 
to the impacts of climate change, population increases and resource scarcity, solutions 
that may be appropriate for today or even a few years into the future, will likely no longer 
be adequate to meet long-term requirements.  
Participant #9, who considers his organisation to be forward thinking and 
innovative, discussed the impact that thinking about solutions in the long-term can have 
when assessing investment, resources and our ongoing ability to provide adequate water 
resources. Talking about how he sees the future if a ‘business as usual’ approach was 
implemented, he says 
“If I do business as usual, I know there is nothing sustainable in the long-term 
so you need to challenge today’s technology, which, in a way solves our water problem 
but in the long-term creates another set of problems.” (#9) 
He goes on to discuss the uncertainty of long-term research projects and 
specifically how his organisation does not let that uncertainty become another barrier to 
innovation, but rather implements complementary solutions to tide over their 
development. 
 “It’s not something that will happen overnight. It could happen in five years; it 
could happen in 10 or 15 years. But in the meantime we have other solutions that will 
meet our goals halfway.” (#9) 
The importance of thinking long-term is re-iterated by participant #8, who 
highlights the importance of implementing the best possible solutions regardless of time 
or money they take to develop, because of the long lifespan of water systems, saying 
“There’s so many ways to do things better. Just because it takes extra time or 
money I think people….. needs to be for 10 years out or even 50 years because these 
systems are going to be there for a long time and it’s about looking after your 
resources not only over the short-term but over the long-term.” (#8) 
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While not discussed by many participants, thinking about solutions fit for the long-
term appears to be a key driver for organisations who are willing to look beyond the 
short-term requirements. 
Thought leaders and/or stretch targets 
The positive impact of thought leaders or stretch targets in innovation or 
experimentation was discussed by four of the participants. Initially, participant #1 
observed the varying degrees of openness to experimentation across the United States, 
where he works, saying 
“In the US the level of interest is all over the place. There are certain thought 
leaders, cities and communities who are willing to experiment. But this can vary quite 
a bit from place to place.” (#1) 
Participant #9 discussed how he sees his organisation as a thought leader, talking 
about how they always try to stay ahead of the curve and go beyond standards. He also 
discusses the benefits of implementing stretch targets, revealing that reaching the target 
is not the ultimate aim, rather encouraging people to think differently in order to discover 
new ways of doing things. 
“Of course we also try to follow best practices. For example, we very closely 
follow the national water safety program and always try to be ahead of the curve. It 
means we don’t just restrict ourselves to the standards. We try to go beyond the 
standards.” (#9) 
“If you have a stretch goal you will never be satisfied with what you are doing 
today. Reaching the number is not important. What’s important is trying to journey 
towards the number. Say ultimate limit you want is 0.7. But if I get 1, I’m fine – it’s a 
big improvement. The other thing is if we a put a number there it causes us to think 
about different ways to achieve it.” (#9) 
Participant #3 adds to this point, discussing how aiming for innovative concepts 
such as biomimicry can aid the development of innovative outcomes as a result of having 
such a stretch goal in mind. 
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“I think biomimicry is a good concept but at this point in time I am not 
convinced that we can achieve it to its fullest. But it is good to have a concept like this 
because it drives your thinking and your actions.” (#3) 
Participant #12 further contributes, discussing an innovative project he was 
involved in, and how maintaining a vision or possibility was necessary in order to 
achieve success. 
“I think the holistic view was the most important to carry out this project. To 
see the possibility of the two systems (wastewater treatment plant and pipes and 
runoff systems) could do themselves.” (#12) 
Ultimately, the benefit of having stretch targets is to encourage different ways of 
thinking about a problem and innovation would likely be a by-product of this approach. 
Other 
Customers 
Participant #7 discussed how his client was a driver and an enabler for innovation 
by supporting the use of unproven and innovative techniques into the design in order to 
achieve sustainable outcomes. 
“The client was very supportive and very keen on a high level of 
sustainability…The client was prepared to take some risk.” (#7) 
Environmental good 
When asked whether pursuing innovation for the purpose of environmental 
benefit was a driver, responses indicated that it may be, but only slightly. For instance, 
participant #5 indicated that she did not believe this to be the case in regional areas of 
Australia, and participant #8 believes that if government set that agenda it may become 
a driver, but otherwise would not.  
 “Depends on where you are. In the city people might be more likely to get on 
board with innovations about water, environment, etc. but in the country it’s harder.” 
(#5) 
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 “It may be a driver for government which therefore makes it a priority for 
others, but not just off its own back.” (#8) 
Conversely, participant #4 believed that providing improvements for people and 
for the environment are the two drivers her organisation has for innovation. 
“We’re already doing business as usual really well so that is where the 
innovation comes in. Where it makes things better for our customers and where it 
makes them better for the environment.” (#4) 
Decreased maintenance 
Contrary to some of the discussion about maintenance requirements being a 
barrier to nature based innovations in Section 4.5.1, participant #4 indicates that such 
innovations can actually decrease the amount of maintenance required. 
“We are putting fish into lagoons and they naturally eat up all the stuff within 
the lagoons. Usually, every 7-10 years we have to de-sludge the lagoons and by the 
fish being there it will reduce some of the sludge accumulation and the frequency of 
having to de-sludge them.” (#4) 
Rather than being a driver for innovation, this may be more of a resulting benefit. 
Summary of drivers 
The drivers to innovation in the water sector discovered through the interviews 
were collapsed into five key sub-categories, including: an increasing need or demand for 
resources, particularly moving into a future where many resources are becoming more 
scarce; effective policy or regulation; long-term thinking; thought leader and other. The 
topic of effective regulation also appeared in the list of key barriers, where the 
conversation indicated that most participants believe policy and regulation to be 
necessary in the sector. These factors have the potential to stimulate innovation if 
implemented well, yet can become a barrier for innovation when they are not. The 
conversation about thinking about solutions long-term referenced both identifying and 
striving for solutions for the needs of the future, as well as having a long-term view in 
terms of financial paybacks for investments. Unlike the other drivers in this list, long-
term thinking was not discussed by a large range of participants, but rather discussed in 
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depth by just one or two. Therefore, further research is required to determine whether 
this is a one off perspective or if it represents a broader range of the sector. The final driver 
included, is having thought leaders or stretch-targets to aim towards. The essence of this 
point was that having such targets in place was a spark to encourage people to think 
about solutions in a different way, dissimilar to what they have done in the past.  
4.5.3 THEME 3: ENABLERS 
There were seven enabling factors identified through the analysis of interviews as 
outlined in Table 4.5. These responses are discussed in further detail within the 
remainder of this section. 
Table 4.5: Theme 3: Enablers for innovation in the water sector 
Theme: Enablers 
Factors Key points 
Framing the problem • To understand the real problem 
Knowledge sharing • Linking leaders 
• Linking utilities 
• Linking sectors 
Collaboration • Between research and industry/government 
• Quality 
Trust • Neutral positioning 
Confidence/proven results • Creating confidence 
Combining with traditional 
technologies 
• Extend timeframes 
Holistic commercial interest • Balancing economic, social and 
environmental value 
• Holistic views of financial benefits 
 
Framing the problem 
One enabler that was explored in the conversations was around ‘framing the 
problem’. Participant #6 discussed how assisting teams to correctly ‘frame the problem’ 
can assist people to think differently and more creatively rather than going directly to 
solutions they have used in the past. 
“Early in the project it is about helping to truly understand what the problem 
really is. Often called ‘framing the problem’ in problem solving methodologies. Not 
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just taking a scope of work and accepting it, but really getting to the point where they 
understand what the real problem is.” (#6) 
Participant #9 reiterated the benefit of using this technique, discussing how his 
organisation goes about framing the problem. 
 “So in [our organisation] we frame the problem and frame the outcome that we 
want and frame the challenge.” (#9) 
Framing the problem is a technique used to get down to what the problem really 
is and could be used as a way around the barrier discussed previously about people’s 
tendency to start from past based practices.  
Knowledge sharing 
Knowledge sharing has been discussed as an enabler to innovation by numerous 
authors including (Wiewiora, 2011, Lin, 2007, Hansen, 2002, Swan et al., 1999). 
Knowledge sharing can exist on various levels, starting from successful knowledge 
sharing within a single company, extending all the way to knowledge sharing among 
companies globally. The following headings indicate the key levels discussed. 
Linking leaders 
Participant #6 discussed linking individuals with one another, wherever they are 
in the world as a possible method to enhance knowledge sharing and innovation. This is 
based on the presumption that there is currently not enough knowledge exchanged 
amongst the water profession and that better facilitating this could be beneficial. 
Participant #6 said 
“We’ve been looking at how we can accelerate innovation beyond the traditional 
role of knowledge transfer and globally linking the leaders of the water profession, 
looking at ‘are there some systematic things that we can do?’ (#6) 
Linking utilities 
Participant #6 also discusses the potential benefit that may arise out of sharing 
knowledge between similar utilities. He describes a trial program that is currently being 
conducted within the US as follows   
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“In the US the Water Environment Research Foundation (WERF) has an 
interesting experiment in a program called the LIFT program. It started as a bottom 
up process where a small number of people in utilities that also see the need to 
accelerate innovation. What this program does is to network these leading utilities as a 
mechanism to empower other utilities to be more accepting of new technologies. It is a 
very interesting experiment. It is less than two years old and is an example of some of 
the things the water profession could be doing to accelerate innovation.” (#6) 
Linking sectors 
Participant #4 indicates that having more knowledge sharing between different 
industries within the water sector could be beneficial. This suggestion stems from the 
belief that silos exist between different sectors, e.g. the water sector and the mining sector, 
even though they both have a great dependence on water management practices.  
“Sharing, communicating is the biggest thing, especially through different 
disciplines of business. There is no real sharing. Water corporations don’t look at what 
the mining industry is doing... It is all business to business and you could certainly 
get more ideas on innovation by cross-referencing between industries.” (#4) 
Lessons from past projects can provide valuable knowledge for future solutions 
and if done well, sharing knowledge within and across projects, organisations or sectors 
could provide a useful space for innovation to arise. 
Collaboration 
Effective collaboration has been identified as a core element for innovation to arise 
through key literature sources about innovation. For example, Nelson (1977) argued that 
in innovative environments it is common for different types of organisations e.g. for-
profit and non-profit, government and research to be fulfilling different objectives, yet 
still interacting in a mutually beneficial manner. Much of the discussion around 
collaboration from these interviews indicates that while there are some instances of 
effective collaboration occurring, there is also room for improvement in this space to 
enhance the effectiveness and impacts of outputs. 
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Participants #7, 8 and 9 all discuss where collaboration exists between a university 
or research organisation and industry or government 
“We connect with the botany department at the University of Melbourne.” (#7) 
“It’s just research at the moment. It is a partnership between [a university] and 
The Smart Water Fund.” (#8) Note: the Smart Water Fund is an industry led, 
government partnered, research and innovation organisation 
 “The fundamental research is always done by universities. In [this 
organisation] we try to influence the direction of the research, looking at the long term 
use – biomimicry is a long term investment.” (#9) 
These comments indicate that collaboration is occurring between different types of 
organizations at some level, although the quality of that collaboration appears to vary. 
Examples of successful collaboration include that discussed by participant #2 who 
discussed a partnership between a small innovative water technology company and a 
global consulting company. He discusses the importance of ensuring a win-win situation 
“I’m overseeing the partnership, trying to ensure there is a win-win, looking for 
opportunities to demonstrate stuff to different clients, looking for places where people 
are hurting with regard to removal of pollutants and offering a different solution. It 
has been quite successful; we have been identifying a number of opportunities.” (#2) 
Additionally, participant #9 discusses his views on the importance of collaboration, 
and also what makes the collaborative relationships between his organisation and others 
successful. He discusses ‘active’ collaboration as being the key to this success 
“Collaboration is important so that we can access many good ideas based on 
sound principles....If we really want to have a reliable water program we cannot do it 
alone. We need the full water industry to support us – operators, contractors, 
constructors, technicians – especially moving into emerging technologies.... But 
collaboration that we have here is active collaboration. The key is active. I can 
collaborate with a lot of people but be a very passive collaborator. So the key to the 
whole thing is that when collaborate we are active participants.” (#9)  
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Conversely, when discussing his views on how to increase the effectiveness of 
innovation in projects more effective, participant #10 responded saying 
“…relationships between academia and government authorities would be a key 
one.” 
This response indicates that while there are some instances of successful 
collaboration between organisations in the water sector, there is still room for 
improvement. 
Trust 
Participants #9 and 12 discussed the importance of developing and maintaining 
trust in organisational relationships as an enabler for innovation. Participant #9 refers to 
a strategy his organisation uses to ensure they are positioned as a neutral party and do 
not risk appearing as a competitor to anyone, which would put the relationship at risk. 
“Trust is very important...You need to build a reputation of trust...[We are] a 
very neutral party. No threat to anybody...The other thing that is very important is 
that although we do a lot of research we try not to own the technology. We remain 
neutral because we have to make sure we do not come across as a competitor.” (#9) 
Participant #12 discusses trust from another perspective. He feels that trust 
between the government and his organisation is not sufficient, which could be 
interpreted as discontent. He states there is a need in Denmark to create new business, 
but in order to do that the level of trust needs to be higher. 
 “It is the mindset of the politician and trust that is important in innovation, 
and also the need. In Denmark, the need in the sector now is for us to export and do 
new business and so on, so the trust needs to be higher. Also between politicians and 
us because we have the same goal.” (#12) 
Both comments, although coming from different perspectives, indicate that trust is 
a necessary element for innovation to occur, at least in their perspective. 
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Confidence or proven results 
As previously identified in Section 4.5.2  under the discussion about Scepticism/ 
need for proven results, one of the key barriers to innovation in the water sector is the 
need for proven results before taking action. Therefore, it is no surprise that one of the 
key enablers to innovation in this sector is confidence or proven results around new 
technologies.  
Participants #8 and 9 discuss their views on the need for confidence in the water 
sector, and participant #9 expands on this, revealing how his organisation creates that 
confidence among the sector. 
“They won’t trial something unless it has been done before and is shown to have 
worked effectively.” (#8) 
“Integrating any technology into operation is all about confidence ...They need 
confidence to manage uncertainties, confidence in how to operate it. So what we do 
here is we have a few steps in terms of creating the confidence. One is pilot testing. 
Pilot testing is proof that the concept works, the numbers stack up, the quality is as 
expected. Then, the next stage is called demonstration scale. We actually invest in a 
full size module of that technology. The value of that is you actually demonstrate that 
is works in the real world. And more importantly, we use that plant to train the people 
to operate and understand that technology.” (#9) 
Participant #2 also discussed a method of creating confidence among the market, 
from his perspective as the owner/ developer of a new technology. 
“I can see for the next two to three years until we get 10 operating installations 
and show people four to five installations in Australia, and show that in each of these 
cases it is removing nitrates, chlorate, returning wastewater, then they need to keep a 
healthy scepticism.” (#2) 
In both of these cases the onus is on the developer of the technology to prove the 
results themselves, requiring a lot of resources in terms of time, money, and people, even 
though the technologies could be beneficial to the entire sector. This is an area where 
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improved collaboration and support could potentially enhance the innovative outputs in 
the water sector.  
Participant #4 discusses how once an initial success is achieved it makes it easier to 
build on., yet there is still a barrier around achieving that initial success and having 
organisations extend beyond their comfort zone to support a new idea. 
“This is the pilot of that and I think a successful outcome with this one – 
success builds on success so it’s a matter of getting corporations to consider it and 
moving outside that rigidity of doing what we’ve always done.” (#4) 
Combining with traditional technologies 
While not reaching the final target, combining new and existing technologies can 
be one strategy to enhance the capability of traditional technology and extend the 
timeframes available for experimentation of innovative approaches. For example, 
participant #9 describes this situation, saying 
 “It could happen in five years; it could happen in 10 or 15 years. But in the 
meantime we have other solutions that will meet our goals halfway. These solutions 
are more along the traditional path questioning conventional thinking. For example, 
one project we are looking at with [a company]. You know conventional thinking of 
using RO?  Then people start to question ‘why do you want to squeeze one tonne of 
water through tiny holes when you problem is (unclear speech) of salts?’”(#9) 
He also added to this, discussing how water treatment can be combined with 
conventional technologies to provide mutually beneficial and increased efficiency in 
outcomes. 
“Integration between a wastewater treatment plant and a [new type of plant] 
and a desalination plant. Think about a symbiotic relationship – and a power station 
maybe – so that it creates concept changes in terms of locations of utilities and 
everything...For example between a power station and a desalination plant, the power 
station will take in the seawater for cooling, during this process the water warms up, 
then you send it to the desalination plant and with the water already being warm you 
use less energy so you save on pre-treatment.” (#9) 
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These comments demonstrate creative thinking about traditional technologies and 
processes, which is one type of innovation in itself. Furthermore, this type of thinking 
creates the space for additional innovations to develop. 
Holistic commercial interest 
The discussion around holistic commercial interests covered two key areas. The 
first was around balancing financial, social and environmental value; and the second, 
primarily around holistic views of financial considerations such as payback periods. 
Balancing economic, social and environmental value 
Participant #3 was the first to enter into this discussion, through an example he 
provided about the South East Queensland (SEQ) water grid, which is a project that was 
commissioned by the Queensland Government during a severe drought period. The 
project connects all of the reservoirs and treatment plants in SEQ so that water can be 
moved between assets. He commented that despite the high cost of the project, the social 
value it created made it worth the investment 
“I think that was about the cleverest thing the government did even though it 
cost a lot of money so that you could share the surplus water instead of it going to 
waste.” (#3) 
Participant #4 believes that because of the need to comply with regulations, 
organisations are currently limited to high cost, low value outcomes in terms of 
providing social and environmental value. She says 
“...the nature of trying to provide for those regulations means that there are 
generally higher costs, with lower value [outcomes]. That’s the way we’re building 
infrastructure. [It] is higher cost and the actual impact that has on whatever the task 
is, whatever environmental outcome it is, it’s generally been high cost, little actual 
value because ... yeah you’re complying with regulations but what does it mean for the 
holistic environment?” (#4) 
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Holistic views of financial benefits 
The discussion around having a holistic view of financial benefits generally 
focused on a long-term view of paybacks and the ability to see indirect benefits from 
one’s actions.   
Participant #9 was the only person to contribute to this part of the discussion, 
providing examples of his organisations ability to value indirect savings in the future. He 
was also firm that this kind of activity was all about commercial interests, indicating that 
while some other organisations may view actions such as providing financial support for 
another company to get a product on the market as charity, which is not the viewpoint 
they hold. He believes that these actions need to provide a win-win for all parties 
involved to have something at stake to achieve the desired outcomes. 
 “It is in our best interest to get this technology in the market so that we can 
buy it and use it and we gain savings from the energy. So it is in our interest that 
[another company] develop and get it in the market. Then we will be the first buyer of 
the technology and create the market and confidence in the technology for others.” (#9) 
“We also want to glean the value of the technology so we have just as much at 
stake as the original inventor, to develop it and quickly bring it to the market. So you 
must see it from the point of view that it is not a favour. You must create it as a win-
win situation. It’s not charity.” (#9) 
Further to being able to see indirect benefits, views around payback periods appear 
to impact an organisation’s desire to invest funding in innovations. Participant #9 talked 
about his organisations view’s on payback periods, demonstrating that long term 
paybacks are viewed as okay and even expected in a utility environment, especially for 
significant innovations like biomimicry.  
“Not every project succeeds, some projects will fail but generally as an overall 
view, our payback is quite good.” (#9) 
“If you do R&D, what we know is that for example biomimicry the results are 
very long-term. You look at this is the savings I’m going to get in terms of energy. 
You look at the investment in terms of $5 million or whatever if the technology works 
Interview findings  
 Page 127 
 
and it’s 15 years down the road. But if there is a view for my plant to be replaced, that 
would be very fast.” (#9) 
“So if you ask me where to draw the line: five years, 10 years, we feel very 
comfortable. If you ask me ten years ago what is good in a utility environment I would 
say ten years would be wonderful because we do payback over 20 or 50 years because 
as a utility, we look long-term.” (#9) 
Participant #9 also said that while long-term paybacks are okay, often, the paybacks 
are much quicker than expected. For example 
 “For every dollar that we put in how much value is created? We are quite 
proud to say that for every dollar we put in the payback is like in months or years 
because of the saving for energy and everything.” (#9) 
“For [one project] we invested about $4million into it. Just on 10% 
implementation – we are still phasing it in – the payback period has been less than a 
year.” (#9) 
 “It is a calculated risk. Knowing the timeframe and everything. What is long-
term, what is short-term.” (#9) 
This differs to the views expressed by participant #8 who believes paybacks are 
often longer than expected. 
“…and the paybacks are often much longer than people initially say. They say 
in three years we can achieve this, but it’s more like five or seven.” (#8) 
The discussion around holistic commercial interests was essentially about moving 
away from chasing after short-term financial gains. This discussion was very much 
contributed by one participant, who has had positive experiences in taking risks with 
longer paybacks and feels strongly that doing so still makes commercial sense. The 
former part of the discussion highlighted the need to consider economic, social and 
environmental outcomes holistically in decision making, which would in turn act as an 
enabler for innovative solutions. 
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Summary of enablers 
Seven enablers were cited as being key for innovation in the water sector. The first 
of these emerged from a conversation about correctly framing the problem. At the core 
of this discussion, was the importance of correctly identifying the real problem, as 
opposed to attempting to solve superficial problems and jumping straight to previous 
similar solutions. The next three enablers that emerged are all related. These are 
knowledge sharing, collaboration and trust. Knowledge sharing is also identified in 
literature as a key element for innovation in general, and this discussion highlighted three 
levels where it can make a difference. These are the individual level, in terms of linking 
leaders, the organisational level, in terms of sharing knowledge among utilities, and at 
the sectoral level, where knowledge can be shared across similar or disparate sectors. 
Going hand in hand with knowledge sharing is collaboration, which was also discussed 
in key literature as being a necessity for innovation to arise. The dominant discussion 
around this topic from the interviews, however, stressed that while collaboration is one 
of the most important factors for innovation, it is generally not being done well within 
the water sector at this stage. Following on from collaboration, trust was also identified 
as a key enabler for innovation, particularly between organisations that are in a 
collaborative relationship. Providing confidence in a technology and combining new 
innovations with existing or traditional technologies were also discussed, with the latter 
being a strategy to extend the allowable timeframes for developing an innovation. The 
final enabler that emerged from the interviews was about ensuring a holistic view of 
commercial outcomes. There were two aspects to this point, the first being the 
requirement to consider environmental, social and economic outcomes on balance. The 
comments highlighted that while this is often not done, when it is, innovative results tend 
to ensure. The second point was about having a holistic view of financial benefits from 
investments into innovation, particularly in relation to payback periods. This point 
reiterated the long-term focus discussion that emerged in the Drivers section, and similar 
to that was not necessarily representative of the entire group, but rather was dominated 
by one or two participants. 
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4.6 SUMMARY 
The findings from the semi-structured interviews, which responded to Research 
Question 1: Which three barriers, drivers and enablers for innovation in the Australian water 
sector would provide most potential benefit from investigation? have been presented in this 
chapter. Within each of the themes: barriers, drivers and enablers for innovation, a variety 
of factors and associated points also emerged. 
The conversation from the interviews generated many responses that I have 
termed ‘old favourites’ – commonly cited problems or inhibitors to progress, in this case 
within the water sector. These ‘old favourites’ were backed up by references in literature, 
and their prevalence indicates that the subsequent section of this research will require a 
skilful approach in order to elicit responses that push past the initial, automatic response, 
to one that will provide a deeper insight into the intricacies of the sector. 
The discussion about barriers was the most in-depth part of the conversation, 
possibly because this is the section that most people have had a higher degree of first-
hand experience with, in contrast to experiencing innovation as a result of drivers or 
enablers. Within the barriers theme, seven key factors emerged: conservative nature of 
the water sector; lack of demand and resistance to support innovation; tendency to start 
from past based practices; ineffective policy or regulations; cost of economics; ineffective 
knowledge transfer between research and industry; and other. Many of these discussions 
were re-iterated by literature about innovations in general or the water sector specifically. 
The majority of the discussion about both drivers and enablers for innovation in 
the water sector was in the space of factors that would or could contribute to innovation, 
as opposed to factors that currently do contribute to innovation. However, this wasn’t 
always the case, with one or two participants frequently referring to ‘on-the-court’ 
experiences when discussing these factors. In terms of drivers, there were five key factors 
that emerged from the discussion, in the form of: resource demand, effective policy or 
regulation, long-term thinking, and thought leadership or stretch targets. Of note in that 
list is policy and regulation, which also appeared as a key barrier to innovation in the 
sector. The result of the discussion was that while participants saw regulation and policy 
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as necessary within the sector, their implementation is critical and if not done effectively, 
they become a barrier to progress, as they currently are. 
Seven key factors emerged as enablers to innovation in the water sector. These 
were: effectively framing the problem, effective knowledge sharing, collaboration, trust, 
combining with existing and traditional technologies, and having a holistic commercial 
interest. Similar to the conversations about drivers, these discussions were generally 
about factors that could make a difference if they were to be implemented.  
Overall, the content and depth of findings that emerged through this chapter 
provided a solid foundation and starting point for the remainder of this research that will 
be conducted through the Delphi study. The learnings from this chapter directly 
contributed to the development of the pre-Delphi questionnaire, which launched the 
portion of investigation dedicated to determining the key elements that allow for 
innovation to arise, specifically within the Australian water sector. 
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CHAPTER 5: DELPHI RESULTS AND 
ANALYSIS 
“Ideas, as we have seen, are intrinsically standpoints and methods for 
bringing about a solution of a perplexing situation; forecasts calculated to influence 
responses.” 
John Dewey 
5.1 INTRODUCTION 
The findings from the pre-Delphi and Delphi portion of this research are detailed 
in this chapter. Figure 5.1 on page 134 has been developed to outline the structure and 
intention of each portion of the Delphi study. The pre-Delphi questionnaire was used to 
identify three barriers, drivers and enablers for innovation in the Australian water sector 
that could provide the most potential benefit through further investigation within the 
core of the Delphi study. The three-round Delphi study was conducted in order to 
uncover the key elements that are conducive to innovation in the Australian water sector, 
and which of these could have the most impact. This portion of the research involved use 
of both quantitative and qualitative methods. This chapter includes the profile of Delphi 
participants, the types of questions that were asked and details the findings from the 
Delphi study. A discussion about these findings and how they relate to the primary 
research questions is situated in Chapter 6: Discussion. 
5.2 EXPERT PROFILE 
The final expert panel is presented in Table 5.1 on page 135 and comprised CEO’s, 
Directors, Group Managers and Research Leaders. A detailed rationale for the selection 
of the expert panel is included in Section 3.3.3 under sub-heading Expert panel selection. 
All of the expert panel occupied significant positions within their own organisations and 
had a number of years’ experience in the water sector. The range of organisation types 
represented (research, industry and government), as well as the variety and level of 
experiences provided a collective wisdom from the experts that laid a solid foundation 
for the validity and reliability of the Delphi study. Furthermore, the cross-section of 
participants allowed for diverse perspectives within the responses. Figure 5.2 to  
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 Pilot Delphi study 
1. Conduct 3 pilot tests 
2. Amend design/ content of 
questionnaire accordingly 
 
Expert selection 
1. Set criteria for expert identification 
2. List potential experts + assess  
     against criteria 
3. Invite experts until at least 15 have  
     committed 
 Plan 
Develop: 
1. Structure of Delphi study 
2. Timeline 
3. Questions for pre-Delphi questionnaire 
4. Supporting correspondence 
 
Pre-Delphi round 
- Objective: Find top 3 barriers,  
  drivers, and enablers 
- These will form the focus of the rest  
  of the Delphi study  
- Rate each factor on a scale of  
  0-100 
 Delphi round 1 
- Objective: Source tools, strategies  
  and methods (elements)for  
  innovation through qualitative  
  responses 
 Delphi round 2 
- Objective: Experts rate responses  
  from round 1 
 Delphi round 2 
- Objective: Experts rate responses 
from round 2 and comment where 
they disagree 
Figure 5.1: Delphi process diagram 
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Figure 5.6 indicate the diversity in academic qualifications, years of experience, and size, 
type and region of the organisations the participants work for. The intention of including 
such a broad cross-section of participants was to determine if there were any significant 
similarities or differences arising from these traits. It should also be noted at this stage 
that the composition of the Delphi participants was restricted to Australia only. This is 
because the cultures and operating environments that play an important role in shaping 
innovation vary from country to country, and these differences were not relevant to the 
focus of this study. 
Table 5.1: Expert participant profile 
ID Position Organisation Type Professional Area 
1 Fellow University Research 
2 General Manager Water supply and treatment Industry 
3 CEO Water supply and treatment Government 
4 Business Group Manager Consultancy Industry 
5 Director Consultancy Industry 
6 Project Director Consultancy Industry 
7 Director Research organisation Research 
8 Research Group Leader University Research 
9 Manager Water Policy Water supply and treatment Government 
10 CEO Consultancy Industry/ Government/ 
Research 
11 Lecturer University Research 
12 General Manager Water supply and treatment Industry/ Government/ 
Research 
13 Manager Water 
Innovation 
Water supply and treatment Industry/ Government/ 
Research 
14 Director Consultancy Industry 
15 Independent Director Water supply and treatment Industry/ Government 
16 Manager Service 
Sustainability 
Water supply and treatment Government 
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Figure 5.2: Highest level of academic qualification for expert panel members 
 
Figure 5.3: Number of years’ experience in sector for expert panel members 
 
Figure 5.4: Type of organisation expert panel members are employed by 
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10 to 20 years
20+ years
4
(25%)
4
(25%)
2
(12.5%)
4
(25%)
2
(12.5%)
Research
Industry
Industry/Government
Government
Industry/Government/Research
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5.2.1 RESPONSE RATES 
Experts were selected and invited as discussed in Section 3.3.3 Expert selection. For 
this Delphi study, 44 potential experts were invited to participate, with 16 of those opting-
in and providing their commitment to complete all four rounds, resulting in a total of 
36.4% participation rate. The target number of expert participants was 15, and this 
number was selected based on previous literature where it was indicated that the 
majority of Delphi Studies have used between 15 and 20 participants. This is further 
discussed in discussed in Section 3.3.3 Expert selection. 
 
Figure 5.5: Size of organisation expert panel members are employed by 
 
  
Figure 5.6: Geographic region expert panel members work in 
2
(12.5%)
3
(18.8%)
11 
(68.8%)
up to 20
20 to 50
50 to 200
200+
2
(12.5%)
4
(25%)
4
(25%)
3
(18.8%)
2
(12.5%)
1
(6.25%)
ACT
NSW
QLD
VIC
SA
WA
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Of the 16 experts who agreed to participate, 13 completed the pre-Delphi 
questionnaire, with a response rate of 81%. Only the experts who completed a round 
were invited to take part in the subsequent rounds, so round 1 commenced with 13 
experts. Of those, 12 completed the round, with a response rate of 92%. 91% or 11 of the 
12 experts completed round 2, and all 11 experts who completed round 2 also completed 
round three. Of those who dropped out during the Delphi study, all were surveyed about 
the reason for their withdrawal, with each one citing ‘time’ as the reason for non-
completion. Table 5.2 provides a breakdown of response rates. 
Table 5.2: Response rate of experts by round 
 Invited Completed Response rate 
(by round) 
Pre-Delphi round 16 13 81% 
Delphi round 1 13 12 92% 
Delphi round 2 12 11 91% 
Delphi round 3 11 11 100% 
5.3 PILOT TESTING 
A draft of the pre-Delphi questionnaire as described in Section 3.3.3 Pilot testing 
was distributed to three experts from the Australian water sector for feedback prior to 
formal release. These three experts represented each of the three target sectors: research, 
government and industry and were not included in the group of expert participants that 
made up the formal Delphi participant group. During this pilot phase, the three experts 
completed the pre-Delphi questionnaire and provided feedback about the delivery 
method and the content of the questionnaire. As a result of this feedback, a number of 
subtle adjustments were made to the questionnaire, including: refining and clarifying the 
scope of the questionnaire, and combining or removing some questions. This process 
enabled the researcher to present a more relevant and refined questionnaire to the final 
Delphi expert group. 
5.4 PRE-DELPHI ROUND 
The pre-Delphi questionnaire round was launched through the Key Survey online 
survey software. A total of 16 experts were invited to participate and 13 experts 
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completed this round. The experts were allowed two weeks to complete the 
questionnaire. 
5.4.1 QUESTIONS 
The pre-Delphi round questionnaire comprised three categories of questions: 
barriers, drivers and enablers for innovation in the Australian water sector. These 
questions were devised from the responses from the interviews as presented in Chapter 
4: Interview findings. In this questionnaire, the experts were asked to rate each factor 
along a rating scale of 0 to 100 according to the two components i) how much impact they 
thought each factor had or could have on the state of innovation in the Australian water 
sector, and ii) the priority to address each factor. Further information about the 
development of the pre-Delphi questionnaire can be found in Chapter 3, Section 3.3.3 
Development of questions, and a full list of questions can be found in Appendix A2: 
Delphi round 1 questionnaire. 
5.4.2 RESULTS 
The intention of the pre-Delphi questionnaire was to provide guidance around 
which of the key issues to take forward for further investigation in the Delphi study. Each 
factor in the themes: barriers, drivers and enablers for innovation in the Australian water 
sector, was rated by the expert participants. The results were collated and ranked as 
outlined in Section 3.3.3 Data analysis. The full results of these rankings are displayed in 
Appendix C1: Pre-Delphi rankings. It is important to highlight that these rankings were 
used to provide guidance only as to which factors to carry forward. The final three barriers, 
drivers and enablers carried forward for further investigation were selected based on 
these rankings in addition to a qualitative assessment of which factors could provide the 
most potential benefit as a result of further investigation, based on the literature review 
and interview responses.  
 The factors selected for further investigation have been identified along with the 
rationale for their selection below. 
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Testing for differences in responses across segments of the sector 
A one-way between subjects ANOVA was conducted to compare the effect of 
segments (research, government, and industry) of the water sector on the ‘Impact’ and 
‘Priority to Address’ ratings given in response to the pre-Delphi questionnaire. Of all of 
the factors, there was found to be a significant effect of the segment on ratings at the p ≤ 
0.05 level, for four questions only (out of 54 possibilities). These were: 
• Priority to Address - Inconsistent policy across political cycles 
p<0.05 for the three conditions [F(2,8) = 4.890, p = 0.041]. 
• Priority to Address – Effective regulations 
p<0.05 for the three conditions [F(2,8) = 4.937, p = 0.040]. 
• Impact – Community acceptance 
p<0.05 for the three conditions [F(2,8) = 15.844, p = 0.002]. 
• Priority to Address – Community acceptance 
p<0.05 for the three conditions [F(2,8) = 15.464, p = 0.002]. 
The ANOVA results for all factors can be found in Appendix C2: ANOVA results 
for all Pre-Delphi factors. 
This means that for the factors listed above, there is a high likelihood that the 
sectoral segment that respondents came from, influenced the ratings they gave. This does 
not, however, tell us which segments (out of research, industry and government) are 
significantly different, or if all are. In order to determine this information, a Tukey Post 
hoc test was conducted. 
Priority to Address – Inconsistent policy across political cycles 
Post hoc comparisons for 'Priority to Address - Inconsistent policy across political 
cycles' using the Tukey HSD test indicated that the mean score for the government 
segment (M = 41.80, SD = 23.795) was significantly different than the research segment 
(M = 77.00, SD = 22.420). The industry segment (M = 70.50, SD = 14.849) was not 
significantly different either the government or research segment. These results are 
displayed in Table 5.3. 
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Specifically, these results suggest that experts from the government segment rate 
'Inconsistent policy across political sectors' as having a significantly lower priority to 
address than experts from the research segment. Results from the industry segment were 
in between the two and not significantly different to either the government or industry 
segments. 
Table 5.3: Significant difference between segments for Priority to Address – 
Inconsistent policy across political cycles 
Priority to Address – Inconsistent policy across political cycles 
 Research Industry Government 
Research  Not significantly 
different 
Significantly 
different 
Industry Not significantly 
different 
 Not significantly 
different 
Government Significantly 
different 
Not significantly 
different 
 
 
Priority to Address – Effective regulations 
Post hoc comparisons for 'Priority to Address - Effective regulations' using the 
Tukey HSD test indicated that the mean score for the government segment (M = 51.40, 
SD = 23.607) was significantly different than the research segment (M = 89.00, SD = 12.963). 
The industry segment (M = 87.50, SD = 17.678) was not significantly different either the 
government or research segment. These results are displayed in Table 5.4. 
Table 5.4: Significant differences between sectors for Priority to Address – Effective 
regulation 
Priority to Address – Effective regulations 
 Research Industry Government 
Research  Not significantly 
different 
Significantly 
different 
Industry Not significantly 
different 
 Not significantly 
different 
Government Significantly 
different 
Not significantly 
different 
 
 
Specifically, these results suggest that experts from the government segment rate 
'Effective regulations’ as having a significantly lower priority to address than experts 
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from the research segment. Results from the industry segment were in between the two 
and not significantly different to either the government or industry segments. 
Impact – Community acceptance 
Post hoc comparisons for 'Impact - Community acceptance' using the Tukey HSD 
test indicated that the mean score for the industry segment (M = 31.50, SD = 0.707) was 
significantly different to both the research segment (M = 86.50, SD = 3.416) and the 
government segment (M = 66.00, SD = 15.700). The research segment and government 
segment showed no significant difference from one another. These results are displayed 
in Table 5.5. 
Table 5.5: Significant differences between sectors for Impact – Community 
acceptance 
Impact – Community acceptance 
 Research Industry Government 
Research  Significantly 
different 
Not significantly 
different 
Industry Significantly 
different 
 Significantly 
different 
Government Not significantly 
different 
Significantly 
different 
 
Specifically, these results suggest that experts from the industry segment rate 
'Community acceptance' as having a significantly lower impact than experts from the 
research segment and the government segment. Results from the research segment were 
not significantly different the government segment. 
Priority to Address – Community acceptance 
Post hoc comparisons for 'Priority to Address - Community acceptance' using the 
Tukey HSD test indicated that all segments were significantly different to one another. 
So, the mean score for the industry segment (M = 31.00, SD = 0.000) was significantly 
different to both the research segment (M = 86.75, SD = 6.397) and the government 
segment (M = 64.40, SD = 15.485). Additionally, the research segment was significantly 
different to both the government and industry segments and the government segment 
was significantly different to both the industry and research segments. These results are 
displayed in Table 5.6. Post hoc test results for all factors can be found in Appendix C3: 
Tukey post-hoc test results for Pre-Delphi factors with significant differences. 
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Table 5.6: Significant differences between sectors for Priority to Address – Community 
acceptance 
Priority to Address – Community acceptance 
 Research Industry Government 
Research  Significantly 
different 
Significantly 
different 
Industry Significantly 
different 
 Significantly 
different 
Government Significantly 
different 
Significantly 
different 
 
 
Specifically, these results suggest that experts from the industry segment rate 
'Community acceptance' as having a very low priority to address, whereas experts from 
the government segment rate it medium and experts from the research segment rate it 
very high. This indicates that for this question, the responses from the three sectors 
(research, industry and government) were different, however were the same within the 
specific sectors. 
Taken together, these results suggest that it is highly likely that the segment of the 
sector a person came from had an effect on the ratings they gave for the four factors 
previously discussed. These results will be taken into account in the selection of barriers, 
drivers and enablers for further investigation. 
Results for barriers 
The three barriers selected for further investigation based on the pre-Delphi 
questionnaire rakings and qualitative assessment are displayed in Figure 5.7. These are: 
3. Inconsistent policy across political cycles; 
8. Scepticism or a need for proven results; and 
9. Regulation systems impede progress. 
Much of the core conversation around barriers within literature and interviews 
was in relation to the conservative nature of the water sector, which in this 
questionnaire was represented by barriers ‘8 - Scepticism or a need for proven results’, ‘2 - 
Human tendency to start from what we already know’ and ‘7 - There is a culture of avoiding  
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failure’. Of these, items 8 and 2 were rated first and second in terms of Impact in the pre-
Delphi questionnaire. The inclusion of these barriers representing similar areas was a 
tactic to validate findings by determining that people responded consistently to similar 
questions worded differently. As both of these barriers represent similar areas of interest, 
only one was selected to carry forward for further investigation in the Delphi study. The 
barrier selected was the one ranked highest from the pre-Delphi questionnaire results: ‘8 
- Scepticism or a need for proven results’. This barrier was chosen over barrier 2 as it is the 
most results driven and has a focus on how to address the issue. 
The next barrier that was selected to carry forward for further investigation in the 
Delphi study was ‘Barrier 9 – Regulation systems impede progress’. This was the top rated 
barrier in terms of priority to address and also received a very high impact rating from 
participants. A lot of the discussion in the interviews was directed towards this point, 
with conversation being quite decisive. A review of literature on innovation systems also 
indicated that regulatory conditions can have a significant impact on the state of 
innovation (National Water Commission, 2011), which added to the rationale for 
selecting this barrier for further investigation. 
1 2
3
4
5
6
7
8
9
10
0
10
20
30
40
50
60
70
80
90
100
0 10 20 30 40 50 60 70 80 90 100
Pr
io
rit
y 
to
 A
dd
re
ss
Impact
Barriers 1. Passive innovation culture within the water sector 
2. Human tendency to start from what we already know 
3. Inconsistent policy across political cycles 
4. Ineffective collaboration between research and industry 
5. Ineffective engagement between the water sector and its 
customers 
6. Intellectual Property inhibits sharing of ideas 
7. There is a culture of avoiding failure 
8. Scepticism or a need for proven results 
9. Regulation systems impede progress 
10. There is an unconvincing business case for innovation 
Figure 5.7: Barriers to innovation in the Australian water sector selected for further 
investigation 
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The final barrier that was selected for further investigation was ‘Barrier 3 – 
Inconsistent policy across political cycles’. This barrier received a very high rating for priority 
to address, despite there being a significant difference in this rating across the segments 
of the sector. As indicated in Table 5.3, the respondents from government rated this as 
being a much lower priority than did the respondents from the industry and research 
segments. This difference – in addition to findings from literature that indicate the 
significance of policy on innovation, as well as the heavy references to policy in the 
interviews – warrants further investigation of this barrier. 
Results for drivers 
The three drivers selected for further investigation based on the pre-Delphi 
questionnaire rakings and qualitative assessment are displayed in Figure 5.8: 
2. Thought leadership and reaching for stretch targets; 
5. Influence of policy; and 
3. Increasing demand for/ scarcity of resources. 
 
Figure 5.8: Drivers for innovation in the Australian water sector selected for further 
investigation 
 
‘Driver 5 – Influence of policy’ was selected as the first driver to be carried into the 
Delphi study for further investigation. It was unmistakably the highest rated driver in 
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1. Long-term thinking drives support for innovation 
2. Thought leadership and reaching for stretch targets 
3. Increasing demand for, or scarcity of resources 
4. Increasing cost of water 
5. Influence of policy 
6. Imperative for solutions 
7. Opportunity for financial savings 
8. Holistic valuation 
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terms of both impact and priority to address, with no significant difference between 
segments of the sector. This also corresponds with the selection of ‘Inconsistent policy 
across political cycles’ as a key barrier. 
‘Driver 2 – Thought leadership and reaching for stretch targets’ is not an area that 
received a lot of attention in literature, yet this driver was referenced by the two 
interviewees who were arguably incorporating the highest degree of innovative 
approaches into their practices. For this reason, as well as the rating it received during 
the pre-Delphi questionnaire (second in both impact and priority to address) it was of 
particular interest and was therefore selected for further investigation. 
‘Driver 3 – Increasing demand for, or scarcity of resources’ was selected for further 
investigation in the Delphi study for two key reasons. First, it was rated relatively high 
within the pre-Delphi questionnaire, receiving a very similar cumulative rating to ‘Driver 
8 – Holistic valuation’. The reason this driver was chosen over Driver 8 for further 
investigation was the significant attention it received in literature and interviews. A 
review of literature indicated that while this factor may not be relevant to the state of 
innovation in general, it was very relevant to innovation specific to the water sector. 
Additionally, this factor is directly relevant to the purpose of this research i.e. responding 
to the impacts of climate change, rising population and resource scarcity. 
Results for enablers 
The three enablers selected for further investigation based on the pre-Delphi 
questionnaire rakings and qualitative assessment are displayed in Figure 5.9: 
1. Suitably framing the problem; 
5. Effective regulations; and 
9. Community acceptance. 
‘Enabler 1 – Suitably framing the problem’ was selected for further investigation 
predominantly because it was the highest rated enabler from the pre-Delphi 
questionnaire and also received attention during the interview discussions.  
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‘ 
Enabler 5 – Effective regulations’ was selected both because it was rated second 
during the pre-Delphi questionnaire, and also because of the relationship it has to 
‘Enabler 9 – Regulation systems impede progress’ in the barriers theme. Additionally, the 
respondents from government segment rated this as being a much lower priority to 
address than did the respondents from the industry and research segments, as shown in 
Table 5.4. Furthermore, the area of regulation attracted a lot of discussion within the 
interviews and merits further investigation. 
 ‘Enabler 9 – Community acceptance’ was selected for further investigation due to its 
relatively high rating during the pre-Delphi questionnaire (beaten by only one point by 
Enabler 3). However, unlike Enabler 3, Enabler 9 was of particular interest due to the 
significant rating differences between segments as discovered from the ANOVA tests 
indicated in Table 5.5 and Table 5.6. These results indicated that there were significant 
differences between the industry segment and research and government segments for 
the impact rating, as well as significant differences between all segments for the priority 
to address ratings. This was the only factor to receive such disparate ratings when broken 
into segments, which was a driver for further investigation. 
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Enablers 1. Suitably framing the problem 
2. Collaboration/ knowledge sharing 
3. Establishing and maintaining trust 
4. Funding support 
5. Effective regulations 
6. Linking sector leaders through a dedicated program 
7. Having a holistic perspective of commercial factors 
8. Confidence/ proven results 
9. Community acceptance 
Figure 5.9: Enablers for innovation in the Australian water sector selected for further 
investigation 
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5.4.3 INFLUENCE ON DEVELOPMENT OF DELPHI 1 
QUESTIONNAIRE 
The results from the pre-Delphi questionnaire informed the development of the 
Delphi round 1 questionnaire. Specifically, the three barriers, drivers and enablers 
selected from the pre-Delphi round as being likely to provide the most potential benefit 
through further investigation, comprised the basis for investigation during Delphi 
rounds 1-3. 
5.5 DELPHI ROUND 1 
The Delphi round 1 questionnaire was delivered using the Key Survey online 
survey software. A total of 13 experts were invited to participate in this round with 12 
completing the round. The experts were allowed one week to complete the questionnaire, 
with a reminder being sent two days prior to round 1 close date. 
5.5.1 QUESTIONS  
The focus of the Delphi round 1 questions were determined by the results of the 
pre-Delphi questionnaire, which was conducted to determine the key barriers, drivers 
and enablers for innovation in the Australian water sector, for further investigation. The 
Delphi round 1 questionnaire comprised seven open-ended questions devised from the 
results of the pre-Delphi questionnaire as listed in Table 5.7. In this questionnaire, the 
experts were asked to provide a short answer response indicating strategies, tools and 
methods to enhance innovation in the Australian water sector in relation to the topic in 
each question. Each question was preceded by a short preamble which included a series 
of discussion points associated with the question. Further information about the 
development of the Delphi round 1 questionnaire can be found in Chapter 3, Section 3.3.3 
Design. 
5.5.2 RESULTS 
As round 1 was an open-ended, qualitative round, the responses provided by the 
experts were analysed using NVivo software. This analysis indicated a total of 43 tools, 
strategies or methods, hereby referred to as elements, split into nine broad categories that 
could impact the state of innovation in the Australian water sector. Table 5.8 provides a 
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complete list of the elements identified from the round 1 responses. These 43 elements 
and corresponding nine categories formed the basis of the questionnaires used in Delphi 
rounds 2 and 3 of the study. This list of results was developed as outlined in Chapter 3, 
Section 3.3.3 Data analysis. 
Table 5.7: Delphi round 1 question list resulting from pre-Delphi round 
Questions 
1. Please describe any strategies, tools or methods you think may be useful in overcoming 
the barrier: Scepticism or a need for proven results 
2. Please describe any strategies, tools or methods you think may be useful in overcoming 
the barrier: Regulation systems impede progress and encouraging the enabler: Effective 
regulations 
3. Please describe any strategies, tools or methods you think may be useful in overcoming 
the barrier: Inconsistent policy across political cycles and capitalizing on the driver: Influence of 
policy 
4. Please describe any strategies, tools or methods you think may be useful in capitalizing on 
the driver: Thought leadership and reaching for stretch targets 
5. Please describe any strategies, tools or methods you think may be useful in capitalizing on 
the driver: Increasing demand for/ scarcity of resources 
6. Please describe any strategies, tools or methods you think may be useful in encouraging 
the enabler: Suitably framing the problem 
7. Please describe any strategies, tools or methods you think may be useful in encouraging 
the enabler: Community acceptance 
 
Category 1 – Diversity 
Engaging multi-disciplinary leaders to develop a consensus about priority areas for the sector 
Enlisting diverse perspectives to identify and frame the right problems and develop solutions 
Diversifying portfolios to ensure robust and resilient water supply 
Category 2 – Collaboration 
Encouraging collaboration between utilities to share responsibility and spread risk for new ideas 
Organisations working collaboratively to embrace adoption of new ideas 
Sharing data or information to advance learning and exchange lessons learned 
Involving stakeholders in policy development to ensure suitability to sector 
Encouraging collaboration between researchers and industry 
Realigning research KPI's to include transfer of technology to industry 
Category 3 – Increasing the public profile of the water sector 
Increasing the profile of the water industry through spokespersons and media 
Enhancing media engagement to increase interest and awareness of water issues and innovations 
Peak bodies or associations providing public information or debate on key issues 
Promoting and publicising results and successes of trials and initiatives 
Showcasing achievements of organisations who are demonstrating leadership 
Table 5.8: Complete list of tools, strategies and methods (elements) suggested by 
expert panel 
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Communicating with a coherent voice for the sector 
Category 4 – Leadership 
Engaging champions or advocates to provide advice and support ideas 
Leadership around trialing and adopting innovation from entities such as CSIRO or WSAA 
Category 5 – Culture 
Developing a culture conducive to innovation within organisations 
Maintaining the focus on cultural change that started with restrictions and became almost normal 
behaviour 
Encouraging industry to embrace KPI's around innovation and support of new technology 
Creating competition to drive adoption of innovation 
Category 6  – Education 
Investing in public education about water issues 
Independent science and research to support public understanding and acceptance 
Category 7 – Regulation 
Understanding the challenges in current regulations from all perspectives 
Ensuring regulators are kept abreast of latest developments and best practice models 
Establishing a working group of sector leaders to partner with regulators to revisit and re-frame 
regulations 
Nationally consistent regulations to foster streamlining and consistency whilst still maintaining 
appropriate standards 
Public reporting to provide a holistic view of performance 
Category 8 – Community engagement 
Ensuring transparent and open communication with communities 
Engaging with community leaders to gain their support 
Openly presenting benefits and risks of new and existing options to clearly show value of each 
option 
Providing real choice for communities during engagement processes 
Understanding community priorities and demands 
Demonstrating clear feedback about where community contributions have been reflected in decision 
making 
Ensuring community engagement is early and often 
Category 9 – Other 
Communicating concepts appropriately for the given audience 
Building a strong, evidence-based business case 
Establishing benchmarks and link to awards for successful projects 
Maintaining long term strategy to ensure organisational direction is on-track and prepared for 
opportunities 
Opening the market to third party suppliers who may be in a better position to embrace new 
technology 
Empowering customers to control their water use through smart monitoring 
Pricing and or tariff reform to incentivise demand management 
Using a risk based approach to decision making 
 
Category 1 – Diversity: Diversity encompasses a range of subjects including 
diversity in people and opinions, such as the disciplines or perspectives involved in the 
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conversation about priorities or solutions; as well as diversity in asset portfolio’s to 
maintain robustness and resilience of a system. 
Category 2 – Collaboration: Collaboration emerged as a key category from the 
expert responses provided in Delphi round 1. The discussion around this category 
involved encouraging collaboration to share data or exchange lessons learned between 
different parts of the water sector e.g. research and industry, between utilities, and within 
organisations. 
The emergence of this category is unsurprising, as collaboration across sectors is 
identified among literature as being a contributing factor to instances of successful 
innovation. Nelson and Winter (1977) discusses the phenomenon where different actors 
within a sector, such as for-profit, non-profit, government and research play different 
parts, yet interact in a mutually beneficial manner. This type of collaborative relationship 
has proven to be conducive to innovation, particularly in sectors with scientific 
underpinnings, as the water sector has.  The same authors also discuss the importance of 
information sharing among organisations as a means of imitating the diffusion process 
by which innovation spreads (Nelson and Winter, 1977). 
Category 3 – Increasing the public profile of the water sector: Interestingly, there 
was quite a bit of discussion from the experts about the need to increase the public profile 
of the water sector as a means to enhance innovation. This appears to be a sector specific 
phenomenon, and is not an element that appears elsewhere in innovation literature. 
Strategies proposed for increasing the profile of the sector include spokespersons, media, 
public debate, promotions, showcases and the overarching element of developing a 
coherent voice for the sector. 
Category 4 – Leadership: The leadership category included statements around the 
requirement for organisational leadership to trial and adopt new innovations, as well as 
engaging champions or advocates to support innovations. The statement about 
organisations trialing and adopting new innovations is reminiscent of Walker’s (1969) 
findings about diffusion of innovation among American states, where he noted that it 
was usual for intra-regional leaders to emerge, and common for the surrounding states 
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to follow their lead and adopt a new innovation only once the intra-regional leader had 
done so.  
Category 5 – Culture: A variety of topics emerged within the category on culture, 
including discussion about the impact of organisational culture, and the cultural attitude 
to water conservation held by the Australian public due to the public awareness 
campaigns implemented across the nation during the 2000s. The topic of organisational 
culture is of particular interest, as the water sector is described as being particularly risk 
averse and conservative (Farrelly and Brown, 2011). Transforming this sector-wide 
cultural norm has the potential to have a significant impact on the sector.  
Additionally, the category included discussions about the place of competition to 
drive the adoption of innovation, which mimics the findings presented by Cave (2009) in 
his inquiry into competition and water markets in the United Kingdom (UK). 
Category 6 – Education: Educating the public about water issues and providing 
independent research to develop public understanding and acceptance was discussed 
during round 1. Some of the literature about innovation contains discussion about the 
role of education in diffusion of innovation, although this is usually in terms of the 
median level of educational attainment by citizens within a region. The discussion within 
this category could easily be linked to the community engagement category with a fair 
amount of overlap exists, with public education being an outcome of community 
engagement. 
Category 7 – Regulation: Regulation arose as a category due to suggestions put 
forward by some experts. Within the pre-Delphi interviews, discussion around 
regulation as an inhibiting or contributing element for innovation was discursive, with 
some people believing there was need for regulatory reform to allow more freedom, and 
others believing the role that current regulations play have no impact on the ability to 
innovate within the water sector. Within his review of the UK water sector, Cave (2009) 
stated that the regulatory requirements within the sector can 
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“…force organisations into specific technological approaches in order to comply. 
Such requirements can inhibit an organisations power to introduce an innovation 
even if it improves performance.” 
Suggestions put forward by experts for regulatory elements that may enhance 
innovation within the water sector included: achieving a holistic understanding of the 
challenges resulting from current regulations and establishing a group of appropriately 
qualified people to suitably re-frame regulations; and the development of nationally 
consistent regulations. Another element that was proposed involved a strategy to ensure 
regulators are kept up-to-date with the latest best practise models globally, which is 
another element of knowledge sharing, also discussed in under the collaboration 
category. 
Category 8 – Community engagement: Community engagement was the largest 
category created, with a variety of discussion around the importance of consistent, 
regular and transparent engagement with communities. This includes early engagement 
with community leaders, really understanding the priorities and demands of the 
community, and allowing their real input into decision making processes. As 
demonstrated by failed initiatives, such as the Toowoomba recycled potable water 
scheme, and the fluoridated water implementation project in the US, communities can be 
a powerful influencer on the success of an innovation or technology and successful 
engagement is crucial.  
Category 9 – Other: There were a number of suggestions from the experts, which, 
although good on their own, did not fit into any group or category. These involved such 
elements as developing strong business case for innovations, which is an ongoingly 
pertinent topic in many conversations, particularly in the sustainability sphere. Other 
elements included in this category include the requirement to communicate ideas 
appropriate for the given audience, pricing and tariff reforms and encouraging and 
maintaining a long-term strategy for water organisations. 
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5.5.3 INFLUENCE ON DEVELOPMENT OF DELPHI ROUND 2 
QUESTIONNAIRE 
The results from Delphi round 1 informed the development of the Delphi round 2 
questionnaire. Specifically, the collated list of elements as suggested by the experts to 
enhance innovation in the Australian water sector comprised the basis of questions for 
Delphi rounds 2 and 3. 
5.6 DELPHI ROUND 2 
The Delphi round 2 questionnaire was launched through the Key Survey online 
survey software. A total of 12 experts were invited to be involved in this round, with 11 
completing the round. The experts were allowed one week to complete the questionnaire, 
with a reminder being sent two days prior to round 2 close date. 
5.6.1 QUESTIONS  
The Delphi round 2 questionnaire comprised nine categories and 43 elements 
devised from the responses from the round 1 questionnaire. The nine categories were: 
diversity, collaboration, increasing the public profile of the water sector, leadership, 
culture, education, regulation, community engagement and other. In this questionnaire, 
the experts were asked to rate each element according to how much impact they thought 
they had or could have on the state of innovation in the Australian water sector. Further 
information about the development of the Delphi round 2 questionnaire can be found in 
Chapter 3, Section 3.3.3 Development of questions and a full list of the questions can be 
found in Appendix A3: Delphi round 2 questionnaire. 
5.6.2 RESULTS 
The results from the round 2 questionnaire are shown in Table 5.9, where 
consensus was calculated based on 80% agreement in collapsed categories as discussed 
in Chapter 3, Section 3.3.3 Data analysis. During round 2, consensus was achieved for 
seven of the 43 elements (16%) as indicated in Table 5.9. Full results from Delphi rounds 
1, 2 and 3 are available in Appendix  
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C4: Combined results from Delphi rounds 1, 2 and 3. Round 2 results indicated 
that most elements (37 or 86%) had a mean score between 3.0 and 4.0 and 6 elements 
(14%) had a mean score of 4.0 or higher. No elements had a mean score lower than 3.0, 
indicating that all elements were thought to have some kind of impact on innovation in 
the Australian water sector and none were deemed insignificant at a group level. 
Element Consensus 
achieved? 
Category 1 - Diversity 
Engaging multi-disciplinary leaders to develop a consensus about priority areas for the 
sector 
No 
Enlisting diverse perspectives to identify and frame the right problems and develop 
solutions 
Yes 
Diversifying portfolios to ensure robust and resilient water supply No 
Category 2 - Collaboration 
Encouraging collaboration between utilities to share responsibility and spread risk for 
new ideas 
No 
Organisations working collaboratively to embrace adoption of new ideas No 
Sharing data or information to advance learning and exchange lessons learned No 
Involving stakeholders in policy development to ensure suitability to sector No 
Encouraging collaboration between researchers and industry No 
Realigning research KPI's to include transfer of technology to industry No 
Category 3 - Increasing the public profile of the water sector 
Increasing the profile of the water industry through spokespersons and media No 
Enhancing media engagement to increase interest and awareness of water issues and 
innovations 
No 
Peak bodies or associations providing public information or debate on key issues No 
Promoting and publicising results and successes of trials and initiatives No 
Showcasing achievements of organisations who are demonstrating leadership Yes 
Communicating with a coherent voice for the sector Yes 
Category 4 - Leadership 
Engaging champions or advocates to provide advice and support ideas No 
Leadership around trialing and adopting innovation from entities such as CSIRO or 
WSAA 
No 
Category 5 - Culture 
Developing a culture conducive to innovation within organisations No 
Maintaining the focus on cultural change that started with restrictions and became 
almost normal behavior 
No 
Encouraging industry to embrace KPI's around innovation and support of new 
technology 
No 
Creating competition to drive adoption of innovation No 
Category 6 - Education 
Investing in public education about water issues No 
Independent science and research to support public understanding and acceptance No 
Category 7 - Regulation 
Table 5.9: Elements where consensus was reached from Delphi round 2 
Delphi results and analysis  
 Page 156 
 
Understanding the challenges in current regulations from all perspectives No 
Ensuring regulators are kept abreast of latest developments and best practice models No 
Establishing a working group of sector leaders to partner with regulators to revisit and 
re-frame regulations 
No 
Nationally consistent regulations to foster streamlining and consistency whilst still 
maintaining appropriate standards 
No 
Public reporting to provide a holistic view of performance No 
Category 8 - Community engagement 
Ensuring transparent and open communication with communities Yes 
Engaging with community leaders to gain their support Yes 
Openly presenting benefits and risks of new and existing options to clearly show value 
of each option 
No 
Providing real choice for communities during engagement processes No 
Understanding community priorities and demands No 
Demonstrating clear feedback about where community contributions have been 
reflected in decision making 
No 
Ensuring community engagement is early and often Yes 
Category 9 - Other 
Communicating concepts appropriately for the given audience No 
Building a strong, evidence-based business case Yes 
Establishing benchmarks and link to awards for successful projects No 
Maintaining long term strategy to ensure organisational direction is on-track and 
prepared for opportunities 
No 
Opening the market to third party suppliers who may be in a better position to embrace 
new technology 
No 
Empowering customers to control their water use through smart monitoring No 
Pricing and or tariff reform to incentivise demand management No 
Using a risk based approach to decision making No 
No. of elements where consensus was reached (out of 43) 7 
 
5.6.3 INFLUENCE ON DEVELOPMENT OF DELPHI ROUND 3 
QUESTIONNAIRE 
The results from Delphi round 2 informed the development of the Delphi round 3 
questionnaire. Specifically, all questions in rounds 2 and 3 were identical. The only 
exception is that round 3 included feedback of individual and group responses from 
round 2. 
5.7 DELPHI ROUND 3 
The Delphi round 3 questionnaire was launched through the Key Survey online 
survey software. A total of 11 experts were invited to be involved in this round, with all 
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11 completing the round. The experts were allowed one week to complete the 
questionnaire, with a reminder being sent one day prior to round 3 close date. 
5.7.1 QUESTIONS 
The Delphi round 3 questionnaire was the second iteration of the round 2 
questionnaire. This means that all questions were identical and the only difference was 
that the round 3 questionnaire included individual and group feedback showing results 
from round 2. Further information about the development of the Delphi round 3 
questionnaire can be found in Section 3.3.3 Development of questions, and a full list of 
the questions can be found in Appendix A4: Delphi round 3 questionnaire. 
5.7.2 RESULTS 
The full and combined results from rounds 2 and 3 of the Delphi study can be 
found in Appendix C4: Combined results from Delphi rounds 1, 2 and 3, which includes 
the percentage level of agreement for categories; whether consensus was achieved; the 
collapsed consensus level and Cohen’s Kappa values indicating stability. Consensus 
(agreement across a group of experts within a single round) was calculated based on 80% 
agreement in collapsed categories.  Stability within the context of this thesis means the 
consistency of an individual’s responses across multiple rounds. This was calculated based on 
the Kappa values as discussed in Chapter 3, Section 3.3.3 Data analysis. 
 A total of 16 out of 43 elements or 37% achieved consensus. Most elements (35 or 
81%) had a mean score between 3.0 and 4.0 and eight elements (19%) had a mean score 
of 4.0 or higher. No elements had a mean score lower than 3.0, indicating that all elements 
were thought to have some kind of impact on innovation in the Australian water sector 
and none were deemed insignificant. The final list of elements that achieved consensus 
are indicated in Table 5.10, along with their consensus level, mean, rank, Kappa value 
and stability level. 
Testing for differences in responses across segments of the sector 
A one-way between subjects ANOVA was conducted to compare the effect of 
segments (research, government, and industry) of the water sector on the ‘Impact’ ratings 
given in response to round three Delphi study questions. Of all of the elements, there was 
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found to be a significant effect of the segment on ‘Impact’ ratings at the p ≤ 0.05 level for 
one element only: 
Table 5.10: Results of final consensus items from Delphi study 
Element Consensus level Mean Rank Stability 
Building a strong, evidence-based 
business case 
100.0% 4.27 1 0.80 
Almost perfect 
stability 
Ensuring community engagement 
is early and often 
90.9% 4.27 2 0.85 
Almost perfect 
stability 
Ensuring transparent and open 
communication with communities 
81.8% 4.18 3 0.86 
Almost perfect 
stability 
Engaging with community leaders 
to gain their support 
90.9% 4.00 4-5 0.76 
Substantial 
stability 
Communicating with a coherent 
voice for the sector 
90.9% 4.00 4-5 0.59 
Moderate 
stability 
Investing in public education 
about water issues 
81.8% 4.00 6-8 0.48 
Moderate 
stability 
Maintaining long term strategy to 
ensure organisational direction is 
on-track and prepared for 
opportunities 
81.8% 4.00 6-8 0.84 
Almost perfect 
stability 
Encouraging collaboration 
between researchers and industry 
81.8% 4.00 6-8 0.70 
Substantial 
stability 
Showcasing achievements of 
organisations who are 
demonstrating leadership 
90.9% 3.91 9 0.12 Slight stability 
Enlisting diverse perspectives to 
identify and frame the right 
problems and develop solutions 
81.8% 3.91 10-12 0.80 
Substantial 
stability 
Engaging champions or advocates 
to provide advice and support 
ideas 
81.8% 3.91 10-12 0.66 
Substantial 
stability 
Opening the market to third party 
suppliers who may be in a better 
position to embrace new 
technology 
81.8% 3.91 10-12 0.43 
Moderate 
stability 
Establishing a working group of 
sector leaders to partner with 
regulators to revisit and re-frame 
regulations 
81.8% 3.82 13-16 0.35 Fair stability 
Organisations working 
collaboratively to embrace 
adoption of new ideas 
81.8% 3.82 13-16 0.74 
Substantial 
stability 
Sharing data or information to 
advance learning and exchange 
lessons learned 
81.8% 3.82 13-16 0.37 Fair stability 
Promoting and publicising results 
and successes of trials and 
initiatives 
81.8% 3.82 13-16 0.37 Fair stability 
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• Q5A3 - Encouraging industry to embrace KPI's around innovation and support 
of new technology, where p ≤ 0.05 for the three conditions [F(2,8) = 10.545, p = 
0.006]. 
The ANOVA results for all elements can be found in Appendix C5: ANOVA results 
from Delphi round 3 elements. 
This means that for elements Q5A3 there is a high likelihood that the sectoral 
segment that respondents came from influenced the ratings they gave. This does not, 
however, tell us which segments (out of research, industry and government) are 
significantly different, or if all are. In order to determine this information, a Tukey Post 
hoc test was conducted. 
Post hoc comparisons for Element Q5A3 using the Tukey HSD test indicated that 
the mean score for the government segment (M = 4.00, SD = 0.000) was significantly 
different than the industry segment (M = 3.00, SD = 0.000) and the research segment (M = 
3.25, SD = 0.500). The industry and research segments were not significantly different 
from one another. Results are displayed in Table 5.11. Post hoc test results for these 
elements can be found in Appendix C6: Tukey post-hoc test results for Delphi round 3 
elements with significant differences. 
Table 5.11: Significant differences between sectors for element ‘Encouraging industry 
to embrace KPI's around innovation and support of new technology’ 
Q5A3 - Encouraging industry to embrace KPI's around innovation and support of 
new technology 
 Research Industry Government 
Research  Not significantly 
different 
Significantly 
different 
Industry Not significantly 
different 
 Significantly 
different 
Government Significantly 
different 
Significantly 
different 
 
Taken together, these results suggest that the segment of the sector a person came 
from had an effect on the impact rating they gave for Element 5.3 only. Specifically, these 
results suggest that experts from the government segment rate 'Encouraging industry to 
embrace KPI's around innovation and support of new technology' as having a higher 
impact than experts from the industry and research segment. It should also be noted that 
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there was no significant difference between the industry segment and the research 
segment for this element. 
5.8 SUMMARY 
The Delphi technique was selected as the method for this research for its potential 
to determine expert consensus in order to uncover the key elements for innovation in the 
Australian water sector. This chapter contained the results and analysis of the pre-Delphi 
questionnaire and the three-round Delphi study. The three barriers, drivers and enablers 
for innovation in the Australian water sector that could provide the most potential benefit 
through further investigation were established, and each of these was investigated to 
determine the key elements for innovation in the sector. Through the iterative Delphi 
process, consensus was achieved for 16 elements as being significant for innovation. 
Additionally, ANOVA tests were run on the pre-Delphi and Delphi round 3 results, 
which indicated that the majority of ratings were not influenced by the segment 
(research, industry, government) of the sector participants came from. 
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CHAPTER 6: DISCUSSION 
“Any product of the mind is a reaction of the past, a synthesis of what is 
old.”  
Barry Long 
6.1 INTRODUCTION 
The purpose of this research was to enquire into the key elements for innovation in 
the Australian water sector as a means to achieve sustainable outcomes in the sector. This 
enquiry is supplementary to the existing knowledge about elements for innovation in 
general, as well as to existing knowledge pertaining to the Australian water sector, and 
provides movement towards a better understanding of the interaction between elements 
for innovation and the water sector in Australia. This research was conducted using both 
qualitative and quantitative approaches, being interviews and Delphi techniques. The 
theoretical literature around sectoral systems of innovation guided the process of data 
collection and analysis. 
The purpose of this chapter is to provide a full discussion of the results with 
reference to the literature as well as to inform the contributions to theory. First, the 
suitability of the Delphi technique as a research method is discussed within this chapter; 
which then contains a review of the findings from both the interviews and Delphi study, 
formalised as responses to the four research questions. Finally, practical implications 
based on the data and literature are also suggested. By participating in the Delphi study, 
water sector leaders acted as an expert body to derive consensus around the key elements 
for innovation in the sector. 
6.2 BARRIERS, DRIVERS AND ENABLERS FOR 
INNOVATION IN THE AUSTRALIAN WATER SECTOR 
The barriers, drivers and enablers for innovation in the Australian water sector 
were explored in response to Research Question 1: Which three barriers, drivers and enablers 
for innovation in the Australian water sector would provide most potential benefit from 
investigation? This question was addressed through multiple avenues. Initially, the 
literature review provided a basis for possible barriers, drivers and enablers, which fed 
Discussion  
 Page 162 
 
into the interviews. These themes were further investigated through the interviews, 
which elicited a thorough listing of factors that formed the basis of the pre-Delphi 
questionnaire. The pre-Delphi questionnaire was used to rate each of the factors in order 
to determine those that have the most influence over the state of innovation in the sector.  
The thematic analysis of interviews resulted in a total of seven barriers, five drivers, 
and seven enablers for innovation in the Australian water sector, with each theme also 
comprising a number of factors. Due to the total number of factors uncovered through 
this process and the limited availability of time and resources, it was necessary to refine 
the scope to investigate only three each of the barriers, drivers and enablers. In order to 
determine which of these factors to focus on, a pre-Delphi questionnaire was developed 
as a precursor to the Delphi study. This was designed for experts to rate each of the 
barriers, drivers and enablers according to their potential impact and the priority to 
address them. This questionnaire was included as a means to assist in identifying the 
factors for innovation in the water sector that would then form the basis of the Delphi 
study. Chapter 3, Section 3.3.3 Data analysis, details the process that was used to identify 
the priority factors. The result of this process was that three barriers, three drivers and 
three enablers for innovation in the Australian water sector were identified for further 
investigation. Each of these factors is discussed below, through the lens of the literature 
on innovation theory and sectoral systems of innovation, sustainability literature and 
existing literature around innovation in the water sector. 
6.2.1 EXAMINED BARRIERS 
The three barriers for innovation in the Australian water sector that were explored 
in this research were: inconsistent policy across political cycles; scepticism or a need for 
proven results; and the idea that current regulations systems impede progress. 
Inconsistent policy across political cycles 
The key points that arose out of the interviews and comments from the pre-Delphi 
questionnaire for this barrier included the tendency for water policy to descend on the 
political agenda during periods when the sector is not experiencing crises. This is 
exacerbated by the short-term nature of the political cycle. The Australian water sector 
has been undergoing a structural reform over the past decade, which has seen a number 
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of water utilities transition from being government owned to privately held assets; 
however, despite this gradual reform the majority of water functions remain government 
owned businesses (De Witte and Saal, 2008 inNational Water Commission, 2013). In the 
absence of private competition, centralised planning i.e. government policy supported 
by regulation, is required (LECG Limited Asia Pacific, 2011). This means that the 
components of the Australian water sector are still heavily linked with the government, 
and therefore the to and fro of the political cycle. 
Water policy drops down the political agenda when it is not in crisis 
A key part of this point hinged on the notion that during crisis periods such as 
severe drought, government funding for research and programs in the water sector is 
boosted. In the years subsequent to these crisis periods, however, these decisions 
frequently come into question, as memories of the crises fade. This phenomenon often 
results in funding being revoked or reduced, and decisions about infrastructure 
investments questioned. The consequence of this is an ‘ebb and flow’ like condition in the 
sector, where individuals and organisations are well supported in their quest for 
enhancements to the traditional water infrastructure and processes for periods of time; 
followed by periods of neglect, and even opposition when the public spotlight of water 
crises dims.  
Furthermore, the priorities within the water sector itself are continually changing 
in response to topical issues. For example, during the 1990s the focus was on raising water 
quality standards to improve health outcomes. This focus shifted during the 2000s in 
response to drought levels, leading to increased attention on security of supply and 
environmental outcomes. By 2013, with the water supply crisis fading from memory, 
particularly in eastern states, priorities have again shifted – now to operational 
efficiencies, reflecting a growing concern within the sector about the need to control costs 
and demonstrate value for money (Australian Water Association and Deloitte, 2013). 
Short-term political cycle 
The second point arising from this discussion is closely linked to the first, being the 
effect of the short-term political cycle on water research and projects. This affects the 
sector in two ways. Firstly, when a changeover of government occurs during the middle 
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of a project, it can result in work being discarded or changed; and secondly, the fleeting 
nature of political terms appears to promote a need to demonstrate visible successes 
within the short cycle. The problem is that such visible results often do not align with 
research, implementation and innovation cycles. The results of such an occurrence are 
varied and can include the allocation of resources for projects that provide fast results 
over those that have the potential to provide greater benefit over longer timeframes. A 
notable example of this type of action is the recent decision of the Australian Government 
to close the National Water Commission in order to achieve a net saving of $20.9 million 
over the next four years. This is an organisation that was established in 2004 to drive 
national water reform and had the potential to significantly improve many elements of 
the Australian water sector in the long term (LECG Limited Asia Pacific, 2011). Each of 
the above conditions have flow on effects, including: organisations in the sector facing 
difficulties implementing long term planning and strategies; significant changes in the 
direction of research during the middle of a project; and in some cases, termination of 
projects that have been in existence for a number of years due to competing objectives. 
Such actions can not only result in waste of financial resources, but can also dampen 
motivation for individuals and teams working on affected projects. Ultimately, the 
majority of interview and pre-Delphi participants called for a smoother water cycle that 
is decoupled from the fits and starts driven by crisis periods and political cycles, and 
rather, allows for steady progression, long-term planning and the ability to build on and 
learn from failed and successful projects over time. 
Relevance to theory 
Courvisanos (2012) argues that the public sector is an enabler for innovation, 
driving the direction for research and development as part of public policy support. This 
argument, in conjunction with the effects of political changes identified above, places the 
government as a significant actor in the innovation cycle of the Australian water sector. 
This is congruent with the literature around National Innovation Systems, which 
indicates that changes in political coalitions can create pressure on public policies (Geels, 
2004). Although in general, there is limited literature on the impact of the political cycle 
on innovations. This may be indicative that the issue is specific to the water sector, and 
not broadly encountered as an impediment to innovation.  
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Scepticism or a need for proven results 
Interview and pre-Delphi participants concurred that there is generally a demand 
for results proving the effectiveness of new technologies prior to water organisation’s 
considering a trial or implementation. This barrier is exhibited in the sector as a ‘too good 
to be true’ mentality, general lack of acceptance and rapid loss of acceptance in the event 
of one mistake. Considering much of the discussion with participants highlighted a 
highly risk-averse culture, the emergence of this barrier is unsurprising. This cultural 
phenomena of the Australian water sector has been empirically explored by Farrelly and 
Brown (2011) who found that a fear of failure across the sector limited experimentation 
and served as a disincentive for enabling innovative projects. 
Furthermore, a number of the sectoral elements of innovation identified in the 
literature on innovation systems are relevant to this phenomenon, including that of 
professional approval and the occurrence of following intra-regional leaders. For 
example, in many sectors the merit of new innovations is judged through a ‘professional 
stamp of approval’ such as support from the Water Services Association of Australia or 
the National Water Commission. A review of this literature indicates that innovations 
which received such an endorsement may become more readily adopted by the broader 
sector. 
Similarly, seminal research by Walker (1969) indicated that the diffusion of 
innovations in public sector situations can often be influenced by lead and lag patterns 
created by unofficial intra-regional leaders. In these scenarios, the general patterns of 
diffusion indicate the presence of unofficial leaders within regions (usually the more 
populous, metropolitan establishments). The tendency is for these leaders to be the first 
to adopt new technologies, with surrounding establishments being more willing to try a 
new technology once it has been accepted by the leader. There is some evidence of this 
type of relationship in the Australian water sector, but this is not always the case. Some 
interview participants, for example noted the tendency for their smaller organisations to 
strive for alternative solutions, irrespective of what larger institutions were using. 
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Regulation systems impede progress 
A review of the literature around regulation within innovation systems indicates 
that regulations are one of the institutions that can influence the rate and extent of 
innovation, not only in the water sector but across an entire population (Department of 
Industry, 2013). According to the Organisation for Economic Co-operation and 
Development (n.d.) regulations can have various effects on innovation. For example, in 
the economic sphere they can maintain competition, and in the social sphere they can 
encourage or discourage specific research focuses by incurring technical demands on 
industries. Numerous reviews of the Australian water sector indicate that current 
economic, environmental and health regulations can impede efficient service delivery 
and stifle innovation, and there is a need for regulatory frameworks that bring about 
greater collaboration in the sector (National Water Commission, 2013). 
Interestingly, much of the discussion around regulations within the interviews and 
the pre-Delphi questionnaire was divided. A number of participants had very strong 
opinions about the regulatory system as being outdated, rigid, prescriptive and an 
inhibitor to innovation; while many others defended the regulatory system, commenting 
that regulations actually stimulate innovation, offer a flexible framework and are open to 
being challenged. One remark around regulations was frequently mentioned: that it is 
the interpretation of the regulations that determines whether or not they are barriers. 
Interpretation of regulations 
There is no overarching regulatory framework that covers the entirety of the 
Australian water sector. Rather, each state and territory is covered by its own set of policy 
and legislation, including regulations. While there is some legislation that extends across 
the Commonwealth, most is different from state to state. As a result, there is widespread 
uncertainty about regulatory obligations, which has resulted in varying interpretations 
both among water providers, and between the providers and regulators. This fragmented 
regulatory framework was frequently discussed, particularly in the comments from the 
pre-Delphi questionnaire. Comments indicated that interpretation of regulations differs 
from state to state, and how they are interpreted can restrict the flexibility of the 
regulation, or mean that they are construed as being prescriptive as opposed to 
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performance based. Such variances mean that frameworks for water quality regulation 
are jeopardised by inconsistent approaches to implementation (National Water 
Commission, 2011). Participants also commented that national coordination of 
regulations and guidelines would be extremely beneficial to improving efficiency and 
building confidence for investment in alternative approaches. 
6.2.2 EXAMINED DRIVERS 
The three drivers for innovation in the Australian water sector that were explored 
through this research were: thought leadership and reaching for stretch targets; the 
influence of policy; and an increasing demand for or, scarcity of natural resources. 
Thought leadership and reaching for stretch targets 
While there was relatively little interview discussion or comment arising around 
the topic of thought leadership and stretch targets, the pre-Delphi questionnaire results 
indicated a very high level of agreement that this is a key driver for innovation in the 
Australian water sector. There is also not a great deal of discussion to this point within 
the innovation theory literature, however, it is heavily represented in the body of 
organisational change theory, which is where we will turn to examine this point. Within 
this literature, stretch goals are defined by Sitkin et al. (2011) as 
“…an organisational goal with an objective probability of attainment that may 
be unknown but is seemingly impossible given current capabilities (i.e. current 
practices, skills, and knowledge).” 
Thompson et al. (1997) explore the concept of stretch targets, noting that their 
implementation alone does not guarantee success. Rather, it is the impact these goals 
have on organisational culture – enhancing motivation and creative decision making – 
alongside additional changes in the organisational environment that enables a stretch 
team to meet its goals. Such changes include the flexibility for structural changes within 
the organisation or bureaucratic immunity, which result in autonomy and empowerment 
of employees. Furthermore, empowerment and autonomy are seen as necessary but not 
sufficient conditions for the success of stretch targets. One of the comments during the 
interviews mirrored this thought, with the interviewee stating that reaching the stretch 
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target is not the ultimate aim. Rather, it is about encouraging people to think differently 
in order to discover new ways of doing things. The low level of discussion during 
interviews, but high level of agreement within the pre-Delphi questionnaire may be an 
indicator that while the concept of stretch targets is presumed to have the ability to 
provide a level of success, organisations may not yet have the knowledge or background 
to successfully implement them at this time. 
Influence of policy 
The influence of policy was discussed to some extent under the barriers theme, 
although that was generally more in relation to the impact of political cycles on policy. 
The results from the interviews and pre-Delphi questionnaire, indicate that if done well, 
policy can be a key driver for innovation in the water sector. Authors from the innovation 
theory field would generally concur that policy can be a driver, but that a wide range of 
policies may be required in order to cultivate innovation within a sector. For instance, 
Malerba (2005) suggested that technology, innovation, economic, sustainability and 
market policies all make up an important part of the policy framework agenda. It was 
not within the scope of this research to delve into which policies in particular would act 
as a driver for innovation, or if it is actually a combination of the many policies that 
influence the Australian water sector, as implied by Malerba. 
Considering examples from other socio-technical sectors such as energy, it would 
appear that good policy can positively impact the ability to innovate. In the energy sector, 
effective market policies have enabled the establishment of niches in which novel 
technologies can develop, allowing for increased competition and new technologies to 
emerge (Schot and Geels, 2008). Economic policy was widely discussed both in pre-
Delphi responses and in literature related to the water sector. Many of the government 
reports that have been released indicate there are currently policy barriers in place 
preventing efficient water markets to emerge (Australian Academy of Technological 
Sciences and Engineering, 2012). The current policy situation in the Australian water 
sector indicates that policies differ between states. While in part this makes sense, as it 
allows for policies to be region specific, the contrasting argument is that these differences 
cause confusion and inefficiencies among actors within the sector. Furthermore, the 
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complexity of the policy scenario is exacerbated by the interaction between policies across 
sectors. These interactions impact the water sector in a number of ways including market 
interventions, R&D funding, provision of platforms for niche management, and 
regulations. For example, the implementation of recent climate change policies impacts 
the water sector in the following ways: 
• Balance of supply and demand for water; 
• Cost of water-related infrastructure and services; and 
• Environment and the broader community (National Water Commission, 2012).  
It is essential that these interactions and differences of policies across regions and 
sectors are well managed, if policy is to act as a driver and even an enabler for innovation 
in the Australian water sector. 
Increasing demand for, or scarcity of natural resources 
Natural resource scarcity (e.g. water, energy and land) was identified as a driver to 
develop innovative solutions within the water sector from the interview and pre-Delphi 
questionnaire comments. While it may seem obvious that this would be a key influencer 
when thinking about innovation through the lens of the water sector, considering 
innovation more broadly, it does not readily enter into the equation. For instance, a 
review of literature on sectoral systems of innovation, as well as innovation in general, 
turned up little mention of natural resource scarcity as an influencer in relation to 
innovation, whereas it was mentioned in innovation studies that are directly linked to 
the resource sectors such as energy. This indicates that natural resource scarcity may be 
a sector specific issue for the water sector. 
When looking into the literature specific to the Australian water sector, natural 
resource management was identified as an emerging challenge in the sector. During the 
interview discussions about resource scarcity, three particular areas emerged. These were 
scarcity of water, scarcity of energy and scarcity of land resources. In Australia, many 
citizens have been subjected to the impact of water scarcity firsthand, during the drought 
of the 2000s. This period saw the driver of water scarcity result in increased willingness 
to try alternative water management approaches such as the South East Queensland 
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water grid, and desalination infrastructure, both of which came at significant cost to the 
government.  
Since the mid-2000s there has been an increase in the discussion about the water-
energy nexus (i.e. the notion that the water and energy sectors are closely linked). For 
example, the provision of many traditional water services requires significant amounts 
of energy, just as many conventional forms of energy generation require large amounts 
of water. But it is not just the traditional forms of water and energy supply that are 
resource intensive. Some other investments such as desalination plants are also highly 
energy intensive, and low emissions energy supplies can be very reliant on water 
(National Water Commission, 2012). As both of these essential resources are affected by 
the impacts of climate change, technological innovations are necessary to ensure the 
sustainability of water and energy requirements for the future. 
The other resource scarcity that may not be as prominent as water or energy, 
particularly in a vast country such as Australia, is land. This is particularly related to the 
footprint required for conventional treatment options such as sedimentation and 
filtration, which are dependent on large spaces in order to process the water. There is 
currently a catch-22 scenario emerging, in that the rising population in Australian 
metropolitan areas means that larger volumes of water need to be processed, which in 
turn requires additional space. This additional space, however, is being consumed by 
residential areas for the additional people.  While this is not yet a priority of the same 
status as water or energy scarcity, it has begun to emerge on the periphery of the 
conversation and is something to watch. 
6.2.3 EXAMINED ENABLERS 
The three enablers for innovation in the Australian water sector that were explored 
through this research were: suitably framing the problem; effective regulations; and 
community engagement. 
Suitably framing the problem 
Effectively framing the problem was discovered to be one of the top enablers for 
innovation in the Australian water sector. The thinking behind this point is that problem 
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framing activities can allow people the opportunity to think more creatively, rather than 
going straight to solutions they have used in the past. This enabler stemmed from 
discussion within the interviews indicating the tendency for teams to gravitate towards 
solutions they have used in the past when considering new problems. This approach 
makes sense for immediate efficiency and learning from the past. Smith et al. (2010) argue 
that developments in problem framing approaches have enabled an increase in the 
significance of innovation studies for sustainable development. 
The importance of suitably framing problems as a precursor to any discussion 
about innovative solutions is discussed in literature, as van den Bergh and Bruinsma 
(2008) argue that innovators are naturally limited in what they know and believe is 
possible. This point is supported by the work of Nelson and Winter (1977), who draw 
attention to the routine nature of technological problem solving, posing this explanation 
for why things change, and yet remain the same. Additionally, Dosi (1988) proposed that 
innovators tend to work within a set ‘technological paradigm’ which colours the choice 
and approaches considered for problems. Based on these arguments, implementing 
effective problem framing activities as a means to break out of this routine frame of 
reference, would enable new problems and therefore new possibilities for solutions to 
emerge.  
Effective regulations 
The finding that effective regulations are an enabler for innovation is very much 
the flipside of the finding that regulations are currently a barrier to progress in the 
Australian water sector. The discussion about the latter indicated that varied 
interpretation and diversity in regulations across states contributed to the power of 
current regulations to impede progress in the sector. The result that regulations are an 
enabler is not so much an indication of their current status, but rather that more effective 
regulations would open up the possibility for increased innovations in the sector. There 
are three types of regulations, consistent with the OECD (n.d.) taxonomy. These are 
economic regulations, social regulations and institutional regulations. Blind’s (2012) 
investigation into these three types of regulation found that in general, economic 
Discussion  
 Page 172 
 
regulations had neither a purely negative or positive impact on innovation; whereas 
social regulations, generally had a positive influence that stimulated innovation. 
The key factors for achieving more effective regulations as determined from 
interviews are: consistency of regulations across the various states and territories; and 
improvements in how they are stated, removing doubt cast by interpretation. Potential 
improvements to regulations are further discussed under Section 6.3.1, which covers 
consensus items from the full Delphi study. 
Community acceptance 
This point is really about the diffusion or adoption of innovation. Once an 
innovative solution has been discovered the success of its implementation is heavily 
reliant on its acceptance by the community in which it will exist. Interviews and pre-
Delphi results highlighted the substantial obstruction that communities can cause 
towards the implementation of new technologies or innovations when acceptance has 
not been generated. One particular area where community acceptance or lack thereof has 
had a significant influence on the success of innovations, both in Australia and globally, 
is the introduction of water re-use initiatives. Recent examples of this in the context of the 
Australian water sector are the referendum in Toowoomba, Queensland that blocked the 
trial of potable water re-use, and the suppression of an investigation by the former 
Maroochy and Caloundra councils on the Sunshine Coast, Queensland (Po et al., 2003). 
Taking into account the power communities have, gaining the acceptance of the 
community on a new technology or innovation has the potential to enable the success of 
a project. 
Considering community acceptance through the lens of innovation theory, it can 
be noted that diffusion is a process where an innovation in embraced and gains 
acceptance within a particular community (Surry, 1997). In the case of the water sector, 
the ‘community’ being referred to is the water community (i.e. the engineers, operators, 
designers, utilities etc. that work within the sector). While the broader community (i.e. 
the citizens of towns and cities that use the water) are not the direct ‘adopters’ of these 
innovations, it is important they still be considered in the adoption process in order to 
gain their acceptance. Rogers (2003) outlines the adoption process as having five stages, 
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which an individual goes through prior to accepting or adopting an innovation. Failure 
to be exposed to each of these stages may be a contributing reason that communities fail 
to accept some water innovations. This five step process, as developed by Rogers (2003) 
is: 
1. Knowledge or awareness stage: individual is exposed to an innovation but 
lacks complete information; 
2. Persuasion or interest stage: Individual becomes interested in the new idea 
and seeks additional information; 
3. Decision or evaluation stage: Individual mentally applies innovation to his 
present and anticipated future situation and then decides whether or not to 
try it; 
4. Implementation or trial stage: Individual makes full use of innovation; and 
5. Confirmation or adoption stage: individual decides to continue the full use 
of innovation. 
Many actors within the Australian water sector have recognised the need for 
meaningful engagement with communities to ensure they are well informed and have 
access to the right information (National Water Commission, 2013). This means the sector 
needs to move beyond traditional engagement processes such as consultation and 
market research, and towards methods that increasingly better engage communities. 
6.3 KEY ELEMENTS FOR INNOVATION IN THE 
AUSTRALIAN WATER SECTOR 
The key elements for innovation in the Australian water sector were explored in 
response to Research Question 2: What are the key elements for innovation in the Australian 
water sector? This question was primarily addressed through the Delphi study, which was 
informed by the interviews and pre-Delphi questionnaire. The Delphi study comprised 
a round 1 open-ended questionnaire that generated a list of potential elements for 
inclusion in rounds 2 and 3. These subsequent rounds were intended to gain expert 
consensus about which of these elements would have the highest impact on the state of 
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innovation in the Australian water sector. The process that was used to assess responses 
and achieve consensus is detailed in Section 3.3.3 Data analysis. 
The Delphi process resulted in a total of 16 elements reaching expert consensus, 
from the 43 elements proposed. In this case, consensus meant that over 80% of the experts 
agreed that the successful implementation of the element could have a high or very high 
impact on the state of innovation in the Australian water sector. Each of these elements 
is discussed below, through the lens of the literature on innovation theory and sectoral 
systems of innovation, sustainability literature and existing literature around innovation 
in the water sector. Where applicable, practical suggestions for enhancing innovation in 
the Australian water sector have also been presented. 
Upon considering each of the elements to reach consensus, they could generally be 
collated into two key themes: those that contribute to community acceptance of 
innovations; and those that improve the effectiveness of the innovators (i.e. individuals 
and organisations operating in the water sector). The first of these themes contained 
seven elements and the second contained nine. Each of these elements is further explored 
below. 
6.3.1 ELEMENTS THAT CONTRIBUTE TO COMMUNITY 
ACCEPTANCE 
The majority of these elements are focused on steps one and two of Rogers’ five 
step innovation adoption (or acceptance) process i.e. Step 1 – knowledge and awareness, 
and Step 2 – persuasion or interest as outlined in Section 6.2.3. Some of the key benefits 
of effective community engagement are that it can improve organisational decision 
making processes, ensuring proposed solutions are the most appropriate for the target 
community, and are making use of local knowledge. This can result in improved 
outcomes and more innovative results. An additional benefit of effective community 
engagement is that by allowing community members the opportunity to feel heard, 
conflict reduces and acceptance increases, although this is reliant on organisations 
genuinely hearing and considering community concerns.  
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Ensuring community engagement is early and often 
This element had a very high level of consensus and almost perfect stability 
meaning that experts agreed on this item from the beginning and didn’t change their 
scores from round to round. This element is based on learned experiences from the 
experts, where a number of comments referred to the failed potable water re-use trial in 
Toowoomba, Queensland as an example of failed community engagement. Some of the 
key points about this element as contributed by the experts are that engagement needs to 
be:  
• Early – well before any final decisions are made; 
• Often – as complex concepts can take time to sink in; and 
• Genuine – to have any chance of success. 
Ensuring transparent and open communication with communities 
Transparency and open communication with communities was deemed to have 
the potential for high or very high impact on the state of innovation in the Australian 
water sector by over 80% of expert participants. Similar to the previous element, these 
responses had a very high stability (i.e. very minor changes) across the rounds. 
Participants identified that when a proposal has the potential to cause community angst 
or backlash, there can be a desire to withhold information until detailed results are 
available, although this may not be the best strategy. Rather, a fully transparent approach 
includes communication about the benefits and risks of proposed new systems in 
comparison to existing ones at the planning phase of a project. This allows for public 
participation and inclusion early on, and reduces the risk of community backlash at the 
implementation phase. Ultimately, while there is no ‘best fit’ approach to community 
engagement, operating in a transparent and open manner appears to be a core element 
for success. 
Engaging with community leaders to gain their support 
This element reached a very high level of consensus among expert participants that 
it could have a high or very high influence on innovation in the Australian water sector. 
It had substantial stability across rounds meaning that some participants changed their 
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results upon seeing the mean score. This element adds another dimension to the strategy 
for gaining community acceptance. While the first two points discussed how 
organisations must operate in order to achieve acceptance, this point indicates who 
organisations should engage with to economically impact community views. 
Specifically, it is important that organisations effectively engage with community leaders 
who may become champions of the concept, and who have the ability to influence other 
community members, political members and industry. 
Communicating with a coherent voice for the sector 
Experts reached consensus that the water sector presenting itself as a united front, 
and communicating with one coherent and authoritative voice could have a high or very 
high impact on innovation in the Australian water sector. Achieving this consists of an 
overarching approach, where one of the national water sector peak bodies such as CSIRO 
or the National Water Commission acts as the mouthpiece for the sector. This body 
would be responsible for conveying key messages that demonstrate a united front, 
particularly for communicating priorities and core issues for the sector. Additionally, for 
this strategy to be successful, messages and priorities must remain apolitical regardless 
of outsiders or politicians who are interested in representing alternatives to the agreed 
messages. 
Investing in public education about water issues 
Following from the previous element, there was also a high level of agreement that 
investing in public education about water issues would enhance innovation. This 
includes apportioning budget for public education, and increasing the presence of 
respected scientists (not utility specific) to deliver accurate scientific knowledge about 
key water issues as a proactive method of refuting pseudo-science and inaccurate views. 
Showcasing achievements of organisations who are demonstrating leadership 
The final two elements under this theme are appropriate for both creating 
community acceptance and for improving innovator effectiveness. The first of these was 
showcasing the achievements of companies who are demonstrating leadership in their 
area, which achieved 90.9% consensus. This can be achieved by sharing stories of 
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successful projects, public case studies, workshops, etc. The community benefit of such 
activities is in the opportunity they provide to enhance understanding and engagement. 
An example of this type of initiative has been implemented by the province of Ontario in 
Canada as a result of a government grant. The purpose of this initiative is to demonstrate 
leading edge, innovative and cost-effective solutions for water systems in communities. 
This initiative has resulted in higher levels of community engagement and knowledge 
transfer, and has stimulated a conversation around what is working and not working, 
who is doing what and how project teams can learn from one another (Ministry of the 
Environment and Climate Change, 2012). This also provides benefit to the innovators 
(organisations and individuals working in the water sector) by encouraging 
collaboration, transparency and knowledge sharing. 
Promoting and publicising results and successes of trials and initiatives 
Promoting and publicising results and successes of trials and initiatives presents 
similar benefits to the previous element discussed. Successfully introducing this element 
into the Australian water sector would help to build community and expert 
understanding around new concepts and systems and could potentially reduce overlaps 
of research resources.  
6.3.2 ELEMENTS THAT CONTRIBUTE TO IMPROVING 
INNOVATOR EFFECTIVENESS 
 The elements included in this section are relatively diverse yet these elements do 
bear a similarity in the fact that they are all internally focused i.e. can be controlled by the 
organisations or people or within the sector and are not reliant on external actors or 
institutions. 
Building a strong, evidence-based business case 
Building a strong, evidence-based business case was the only element to achieve 
100% expert consensus that its implementation would have a high or very high impact 
on the state of innovation in the Australian water sector, perhaps indicating that this is 
not currently done well. The conversation about the business case for both sustainability 
and innovation has been ongoing throughout the interview and Delphi portions of this 
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research. Additionally, a considerable body of literature contains discussion about the 
need for a strong business case for sustainability. Some of this literature is backed up by 
case studies that demonstrate significant productivity increases resulting from 
organisations fostering sustainable practices. An example is the Eraring Power Station in 
New South Wales, which clearly outlined the financial return on investment in addition 
to the environmental and social need to service the growing community’s increasing 
need for potable water. In this case the return included financial savings for future 
operations, a significant reduction in the use of potable water in the plant’s energy 
processes, plus delaying the requirement to construct additional sewerage infrastructure 
to service the community by up to 15 years (Evoqua Water Technologies, 2014). To 
achieve this result, this facility constructed a dual membrane water reclamation plant that 
now filters sewage water for use in the production of electricity at significantly lower cost 
and lower resource dependence than previous operations (Dunphy et al., 2000). 
Discussion from the interviews and Delphi study around this element indicates a 
desire for business cases to incorporate the following components. They should: 
• be balanced, covering environmental, community and economic issues; 
• clearly link benefit with cost; 
• be presented as early as possible; 
• contain either evidence that the concept being proposed has worked elsewhere, 
or strong theoretical evidence of its success; and 
• be presented using the specific and appropriate language and argument relevant 
for the audience. 
Maintaining long-term strategy to ensure organisational direction is on-track and 
prepared for opportunities 
Developing and working towards a long term strategy achieved consensus among 
experts as an element that could have a high or very high impact on innovation. This is 
consistent with literature on the water sector, which indicates that the project based 
nature of the sector and the drive for short project delivery periods can favour proven 
technologies over new innovations that may require time to research and develop (Matus 
et al., 2012, Salter and Gann, 2002, Stone, 2010).  Furthermore, this project based nature 
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means that organisations can struggle to transfer key learnings from past projects into 
new development. Experts agree that maintaining a long term strategy must include 
clearly articulating the long term need for the solution, and any long term approach must 
be balanced by short-term innovations and management. Potential strategies include: 
• having solutions in the pipeline and ready to go when funding becomes 
available; and 
• publicly asserting the long term policy direction to create resilience against 
sudden policy changes. 
Enlisting diverse perspectives to identify and frame the right problems and 
develop solutions 
Enlisting diverse perspectives to effectively frame the problem and develop 
solutions was an element that gained consensus among the experts in the Delphi study. 
The ‘framing the problem’ part of this element was also recognised as being an enabler 
for innovation in the Australian water sector if done well. As previously discussed in 
Section 6.2.3, the finding about framing the problem is consistent with innovation 
literature, which suggests that effective problem framing approaches enable more 
innovative practices in studies for sustainable development. 
The second part of this element, ‘enlisting diverse perspectives’, acts as an 
important qualifier to effectively framing the problem. Diversity, as characterised by Page 
(2008) means “differences in how people see, categorise, understand, and go about improving the 
world.” In fact, Page (2008) asserts that diversity matters as much, or more, than 
individual ability in problem solving. A number of suggestions for creating a space for 
diverse thinking and problem framing were generated through the interviews and 
Delphi study. These included: 
• facilitating multi-disciplinary workshop discussions; 
• empowering people to ask questions about core problems, not the surface 
symptoms; 
• mapping the problem from diverse perspectives (e.g. water utility, energy utility, 
regulator, consumer, supplier, social, environmental, economic, political); 
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• recognising the problem may be vastly difference from the different perspectives; 
• developing and supporting a diverse workforce to encourage different thinking 
and viewpoints for strategic capacity and business operations; and 
• developing an action plan to address the core problem identified. 
Encouraging collaboration between researchers and industry 
The majority of expert participants reached consensus that there is room for 
improvement in the collaboration practices between research and industry in the 
Australian water sector, and that improved collaboration would positively impact 
innovation. While extensive evidence exists for the importance of collaboration between 
industry and researchers, key knowledge about these interactions is still limited (Loof 
and Brostrom, 2006, Ramos-Vielba et al., 2009). According to Schartinger (2008) industry-
research interaction generally comes in three forms: formalised interaction (have some 
kind of formal output e.g. journal publication), transfer of tacit knowledge (through 
personal interactions, e.g. employment of graduates by firms), and personal contact 
(talking, listening, etc.). These may be used as a basis for facilitating collaboration 
between researchers and industry in the Australian water sector. Other suggestions from 
experts include: 
• consolidating research and private sector findings; 
• collating and combining studies; and  
• considering and allowing contribution from overseas studies. 
Organisations working collaboratively to embrace the adoption of new ideas 
The idea of water sector organisations working in partnership to adopt new 
innovations also reached consensus by the expert participants. This can be likened to the 
formation of strategic alliances, which can be developed for many reasons, including risk 
mitigation. Risk mitigation as well as leadership are the key ideas behind this element, 
with suggestions for promoting this type of behaviour including: 
• coordinating collaborations between utility companies to spread investment risk 
when evaluating new ideas and technologies (reducing individual companies 
risk and enable knowledge sharing and learning); 
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• water retailers, utilities, state government sharing responsibility for trialling new 
initiatives; 
• forming an ‘alliance’ to embrace new technologies or policy frameworks 
collectively among water businesses; and 
• leaders embracing demonstration projects or technologies that could benefit all 
parties. 
Sharing data or information to advance learning and exchange lessons learned 
Creating a system of openly sharing data to enable learning is an element that 
achieved consensus among the Delphi study experts. This is consistent with findings 
from Wang and Wang (2012) and Lin (2007) who indicated that both explicit and tacit 
knowledge sharing practices assist with innovation among organisations. Additionally, 
Hildreth and Kimble (2004) suggest that establishing communities of practice can be an 
enabler for organisations to share knowledge and for innovation to arise within a sector. 
Experts suggested that such a system could be facilitated through an existing knowledge 
association such as the International Water Association, the Australian Water Association 
or the Water Services Association of Australia; or alternatively, could be achieved by 
establishing a sub-committee dedicated to sharing data and ideas between organisations. 
Areas where value could be provided by sharing knowledge include: 
• innovative projects or planning frameworks, specifically around what did/didn’t 
work and lessons learned; 
• problems within their organisations in search of common advancement for 
innovation; 
• experience about optimising assets; 
• consolidation of research and private sector findings; and 
• collaboration to determine next priority areas. 
Engaging champions or advocates to provide advice and support ideas 
It was generally agreed by the experts that having advocates or champions who 
can contribute independent and respected opinion and advice for ideas could enhance 
opportunities for innovation in the Australian water sector. This corresponds to existing 
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research on the topic, which indicates that there are clear benefits of engaging champions 
of innovation, and particularly sustainable innovations. These have been explored by 
Coakes (2007), who indicated that innovation is to a large extent facilitated and supported 
by innovation champions. The type of people who make the most effective innovation 
champions are those who actively support and seek out opportunities – although, to be 
successful, they must also be encouraged by management (Coakes and Smith, 2007). 
According to Howell and Higgins (1990)  
“...without champions organisations may have a lot of ideas but few tangible 
innovations. The challenge facing management is to identify and effectively manage 
existing champions and to nurture potential champions.” 
 Particular benefits for having access to innovation champions as identified by the 
experts include having someone on the decision-making team who will support the 
process, and having someone at the top, who can resonate with government and the 
broader water sector on water issues. 
Establishing a working group of sector leaders to partner with regulators to revisit 
and re-frame regulations 
Experts reached consensus on the suggestion that establishing a working group 
comprised of leaders from the water sector to revisit regulations would have a high or 
very high impact on the state of innovation in the Australian water sector. This is based 
on the notion that many of the regulations still in place are inhibitive to innovation. 
Blind (2012) found that flexibility in regulations and incentive-based regulations 
had a strong positive influence on regulation within a sector by boosting the ability of 
organisations to implement cost effective and commercially attractive solutions. It is 
appropriate that the working party establish the scope of re-framing, but some 
suggestions for consideration, which are based on findings from the interview and 
Delphi study, plus findings from Blind (2012) and OECD (n.d.) reports include: 
• understanding the current challenges utilities face with existing regulations; 
• strengthening the focus on innovation in regulations; 
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• streamlining regulations to ensure efficiency e.g. no more duplications. This may 
include a: 
o comprehensive audit of current regulations; 
o cost-benefit or cost-effectiveness analysis; and 
o centralised administrative centres. 
• improving ease of use by organisations e.g. cutting approval times and thereby 
reducing uncertainty; 
• coordinating existing regulations and bodies e.g. nationally; 
• reviewing how regulations are written to: 
o remove ambiguity and enhance flexibility; 
o be framed around minimum performance or outcomes. 
• creating or enhancing an innovative culture within regulatory bodies; 
• ensuring regulations are open to competition; 
• ensuring regulators understand the impacts of technological change and 
regulations are open to being challenged by new technologies; 
• ensuring regulators are kept abreast of global best practise models to drive 
innovation; 
• ensuring innovation is introduced to regulatory impact assessments (relevant 
measurements would need to be developed); and 
• optimising the frequency and timing of regulatory reviews. 
Opening the market to third party suppliers who may be in a better position to 
embrace new technology 
Following from the previous element about reviewing regulations, the element 
about opening the market to third party suppliers also gained consensus from the 
experts.  This is consistent with a key theme that emerged from much of the literature 
specific to the Australian water sector, highlighting the fact that current economic 
regulations are a barrier to competition in the water market. For example, when 
considering alternative supply sources the National Water Commission (LECG Limited 
Asia Pacific, 2011) stated 
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“…the Economic Regulatory Authority (ERA) identified a lack of opportunity 
and incentives for the private sector to develop alternative innovative supply and 
demand management options as a key shortcoming with the current arrangements.” 
Furthermore, regulatory barriers can lead to the onset of other barriers to 
innovation. For example, the Water Services Association of Australia (2013) proposes that 
the current economic regulation of the urban water sector is a barrier to private 
investment, which hinders competition in the market. Numerous findings (Blind, 2012, 
LECG Limited Asia Pacific, 2011, Organisation for Economic Co-operation and 
Development, n.d.) indicated that regulations that allows for competition can prove 
beneficial for innovation. One study that followed the introduction of a voluntary 
sunshine regulatory model (publication of the performance of utilities) in the 
Netherlands for 10 years found that the performance of publicly owned Dutch drinking 
water utilities improved markedly following the introduction of the alternative 
regulations (LECG Limited Asia Pacific, 2011). Other forms of economic regulation such 
as more freedom to allow private involvement can provide access to capital that may not 
otherwise be available to the industry. The Water Service Association of Australia 
proposes that future innovation in the water sector will be driven by these types of 
investment (Water Services Association of Australia, 2013). 
6.4 THE ROLE OF SEGMENTS 
The influence of the segment (i.e. research, industry, government) a respondent 
came from, on their view of elements related to innovation in the Australian water sector 
was explored in response to Research Question 3:  What are the significant similarities and 
differences between research, industry and government? This question was addressed by 
running one-way ANOVA tests against responses from the pre-Delphi questionnaire and 
Delphi round 3.  These tests indicated that in the majority of cases there was no significant 
difference in the responses provided for respondents from different segments. This 
means that in general, respondents were not influenced by whether they came from a 
research, industry or government background. In the minority of cases, however, the 
ANOVA results indicated that there were significant differences in responses according 
to the segment respondents came from.  
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Pre-Delphi questionnaire differences by segment 
There were four instances of significant differences in responses by segment that 
occurred in the pre-Delphi questionnaire. 
Priority to Address - Inconsistent policy across political cycles 
The results suggest that experts from the government segment rated 'Inconsistent 
policy across political sectors' as having a significantly lower priority to address (41.80 
out of 100) than experts from the research segment (77.00 out of 100). Results from the 
industry segment were in between the two and not significantly different to either the 
government or industry segments. The fact that the respondents from the government 
sector rated this factor lowest is curious, as their proximity to political cycles would lead 
to the assumption that this barrier may have a closer impact on people working in this 
segment than in the research segment. However, this barrier also has the potential to 
impact research projects funded by government, which may be reflective of the ratings 
given. 
Priority to Address – Effective regulations 
These results suggest that experts from the government segment rate 'Effective 
regulations’ as having a priority to address in the mid-range (with a mean of 51.4 out of 
100), which was significantly lower than experts from research segment, who rated the 
factor as having a high priority to address (with a mean of 89.00 out of 100). Results from 
the industry segment were in between the two and not significantly different to either the 
government or industry segments. This finding is similarly curious to the previous one, 
as the fact that many water utilities are still government owned means that it could be 
presumed that government respondents would be most likely to be at the receiving end 
of ineffective regulations, yet this result is contrary to that presumption. The reasons for 
this difference and why researchers rated this factor so high, when government 
respondents rated it average were not explored in the scope of this research. 
Impact and Priority to address – Community acceptance 
The impact ratings for ‘Community acceptance’ suggest that experts from the 
industry segment rate this factor as having a significantly lower impact (31.50 out of 100) 
than experts from the research segment (86.50 out of 100) and the government segment 
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(66.00 out of 100). The priority to address ratings for this factor also suggest that experts 
from the industry segment rate it as having a very low priority to address (31.00 out of 
100), whereas experts from the government segment rate it medium (64.40 out of 100) 
and experts from the research segment rate it very high (86.75 out of 100). This indicates 
that for this question, experts were completely divided by segment. The fact that industry 
participants rate community acceptance as having a relatively low impact and priority 
for research is surprising given their contact with communities is much more frequent 
than researchers. Although the segment that is likely to have the most association with 
communities is government, who rated this factor in the mid-range. Again, any 
speculation about the reason for these differences would only be conjecture, as that 
enquiry was not within the scope of this research. 
Delphi round 3 differences by segment 
There was one instance of significant differences in responses by segment that 
occurred in the Delphi round 3 questionnaire. 
Encouraging industry to embrace KPI's around innovation and support of 
new technology 
The one-way ANOVA results for the consensus element ‘Encouraging industry to 
embrace KPI’s around innovation and support new technology’ indicated that 
government respondents believe this element would have a more significant impact than 
do respondents from the research and industry segments of the sector.  
Aside from in the minority of cases, there were minimal differences among 
segments as to the ratings provided both in rating barriers, drivers and enablers; and in 
determining the most influential elements for innovation in the sector. The fact that there 
were no significant differences by segment indicates that thinking is similar across all 
segments involved. While not confirmed, this agreement across different parts of the 
sector could potentially lead to easier adoption of innovations within the sector. 
6.5 NEW ELEMENTS UNCOVERED 
A series of elements that have the capacity to enhance innovation in the Australian 
water sector were uncovered through this research. Of the 16 elements identified in this 
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research, 14 have previously been recognised and widely discussed in either core 
innovation literature, or fringe fields that also touch on innovation (such as knowledge 
management, organisational change, and collaboration theory) as being contributors to 
innovation in general. The remaining two elements (public education and consistent 
messaging) do not appear to have been identified in literature at all in relation to 
innovation. The hypothesis regarding the reveal of the two ‘new’ elements for innovation 
is that although they have not previously been discussed within innovation literature 
they are relevant to other sectors; and that applying a similar research method to these 
sectors as has been applied here to the water sector, would uncover similar findings. 
Table 6.1 on page 188 presents the elements for innovation identified in this research and 
if/where they align with literature. The structure of this research design may also be used 
to investigate the elements that are conducive to innovation for other sectors. 
6.6 GUIDELINE DEVELOPMENT 
Based on the analysis and findings from this research discussed throughout this 
chapter, a simple guideline was developed for ease of reference by individuals, teams, 
and organisations within the Australian water sector. This guideline outlines the 
recommended actions and anticipated outcomes for an increased level of innovation for 
sustainability in the sector. The guideline is displayed in Table 6.2 starting on page 189. 
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Table 6.1: Elements identified through research 
Elements identified through research 
Identified in 
core 
literature 
Identified in 
fringe 
literature 
Not 
identified in 
literature 
1. Building a strong, evidence-based business
case

2. Ensuring community engagement is early
and often

3. Ensuring transparent and open
communication with communities

4. Engaging with community leaders to gain
their support

5. Communicating with a coherent voice for the
sector

6. Investing in public education about water
issues

7. Maintaining long term strategy to ensure
organisational direction is on-track and
prepared for opportunities

8. Encouraging collaboration between
researchers and industry
 
Collaboratio
n theory 
9. Showcasing achievements of organisations
who are demonstrating leadership

10. Enlisting diverse perspectives to identify and
frame the right problems and develop
solutions
 
Organisation
al learning 
theory 
11. Engaging champions or advocates to provide
advice and support ideas

12. Opening the market to third party suppliers
who may be in a better position to embrace
new technology

13. Establishing a working group of sector
leaders to partner with regulators to revisit
and re-frame regulations

14. Organisations working collaboratively to
embrace adoption of new ideas
 
Collaboratio
n theory 
15. Sharing data or information to advance
learning and exchange lessons learned
 
Knowledge 
management 
theory 
16. Promoting and publicising results and
successes of trials and initiatives

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6.7 REFLECTIONS ON THE DELPHI METHODOLOGY 
The Delphi technique was used to perform the core parts of this research, 
particularly around identifying priority areas and key elements that have the ability to 
impact the state of innovation in the Australian water sector. Research Question 4: How 
appropriate is the Delphi technique as a method for exploring foundational research? is addressed 
in this section by reflecting on the use of Delphi as a method for exploring key elements 
for innovation in the Australian water sector. 
Overall, this research technique proved effective in responding the research 
questions involved in this Delphi study. One of the most valuable aspects of the Delphi 
technique was the ability to collect responses from participants, many of whom had 
different perspectives on the topics, and feed these diverse views back into the Delphi 
study to inform the experts’ thoughts for the next round. In most other techniques, 
excluding focus groups, this type of cross-participant influence is not possible, meaning 
that responses tend to remain siloed, based on the participant’s original viewpoint. This 
cross-influence function stimulates participants to consider questions from new or 
different angles than they may have otherwise take into account. Furthermore, the 
anonymity of responses allows participants the psychological freedom to alter or retain 
their original responses, whereas in face-to-face forums the effect of dominant 
personalities and ‘groupthink’ can prevent such changes from occurring. The ability to 
conduct the Delphi study using the internet proved useful. Due to the seniority and 
associated time commitments, plus the geographical distribution of the experts involved, 
it is very unlikely that it would be possible to get all of the participants in the same place 
at the same time to discuss the issue. The flexibility of this technique allowed for the 
contribution of senior level experts who are geographically dispersed, and the cross-
fertilisation of ideas among them. Just two rounds of ‘consensus finding’ were conducted 
for this Delphi study. In hindsight, an additional round would have proven useful to 
confirm the stability of responses across rounds, however, there was a delicate balance 
between the number of rounds conducted and ability to attract and retain expert 
participants. Another limitation, which is covered in literature, is the fact that findings 
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only offer a ‘snapshot’ of opinion for a particular group of people at a particular point in 
time, although this same limitation also extends to interviews and similar techniques. 
A variety of observations about the technique were made that were specific to each 
round. The pre-Delphi questionnaire was an addition to the conventional Delphi 
technique. In many studies, this round may not be necessary, however, in this Delphi 
study it was included to assist in reducing the scope for research. While this scoping 
activity could have been done without seeking input from the participants, providing 
this opportunity reaped a number of benefits in the form of: 
• allowing the participants to be heard and giving them some ownership of the
Delphi study topics; and
• ensuring the Delphi study topics were the ones that would have the most impact
in practice.
Delphi round 1 was essentially a brainstorming round. The fact that this was 
conducted over the span of only one round, and that there was no interaction between 
participants meant that there was no opportunity for cross-participant influence, which 
would have occurred if this was conducted in a face-to-face type forum. This could be 
alleviated using alternative methods of collections such as: 
• sharing the full list of responses with participants prior to final collation and
allowing them to contribute additional suggestions after seeing the list; and
• conducting this data collection activity on a ‘live’ forum site, where participants
can see all responses.
In general, the quality and quantity of responses provided by the experts was high, 
indicating that they put a good amount of thought into the exercise. 
Delphi rounds 2 and 3 were purely quantitative research rounds in this study. The 
intention of these rounds was to determine which items, from those generated during 
round 1, the majority of participants agreed had the potential to most influence 
innovation in the Australian water sector. At the completion of round 3, 16 (37%) 
elements had achieved consensus. As discussed briefly under Section 6.5, the repetitive 
nature of the Delphi technique (i.e. posing the same questions in multiple rounds in an 
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attempt to move towards consensus) meant that cross-fertilisation of ideas was possible, 
which was a definite benefit of the technique. Upon reflection, following these rounds 
with post-Delphi interviews or a focus group with some or all of the participants would 
have strengthened the Delphi study by verifying the merits of the findings. This 
discussion process would allow the researcher to verify how strong consensus really was, 
and if the conclusions reached were consistent with the beliefs of the group.  
Ultimately, the technique was successful in fulfilling the intention for which it was 
designed, which in this research was to: 
• determine the barriers, drivers and enablers for innovation in the Australian 
water sector that could provide the most potential benefit through further 
investigation; and 
• determine the key elements conducive to innovation in the Australian water 
sector. 
A number of key benefits, limitations and recommendations are included as 
revealed through conducting this Delphi study. 
Benefits 
• The iterative nature of the technique allows participants to become privy to 
multiple perspectives, which enhances their ability to make fully-informed 
choices; 
• Ability to engage with high level experts who are geographically dispersed, over 
an extended period of time; and 
• Flexibility of the technique allows it to be moulded to ensure it is most 
appropriate to respond to the research questions at hand. 
Limitations 
• Recruiting high-level experts participate in a Delphi study that is run over an 
extended period of time can pose challenges; 
• There is a delicate balance between retaining experts and ensuring consensus and 
stability of responses; and 
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• Findings are a ‘snapshot’ opinion of one particular group of experts at particular 
point in time and cannot be taken as ‘the truth’. 
Recommendations 
• Depending on nature of Delphi study, the addition of a pre-Delphi questionnaire 
is valuable to define the scope and to give participants ownership of the Delphi 
study, thus potentially increase retention; 
• Change the format of round 1 – ideas generation round – to allow participants to 
see other responses and contribute on an iterative basis; 
• Conduct a minimum of three ‘consensus’ rounds – therefore, minimum four 
Delphi rounds, to ensure stability of responses; and 
• Conduct follow-up interviews or focus group as a method of triangulating and 
verifying findings. 
6.8 SUMMARY 
The findings from the interviews and Delphi study, through the lens of theory on 
innovation, sectoral systems, sustainability and the Australian water sector, were 
discussed within this chapter. This discussion completes a gap in existing knowledge in 
the field, specifically, uncovering the key elements that are conducive to enhancing 
innovation and by association, sustainability, in the Australian water sector. Each of the 
four research questions were responded to, with the discussion covering: 
• three barriers, drivers and enablers for innovation in the Australian water sector 
that had the potential to most impact innovation in the sector, specifically: 
o barriers – inconsistent policy, scepticism, current regulations 
o drivers – thought leadership, influence of policy, resource scarcity; and 
o enablers – framing the problem, effective regulations, community 
acceptance; 
• sixteen key elements that are conducive to innovation in the sector, collated into 
two themes, being:  
o community acceptance; and  
o improving innovator effectiveness; 
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• the conformity of responses across segments (i.e. research, industry, government) 
of the sector in relation to factors that impact innovation, with the notable 
exception of a small number of specific factors, namely community acceptance; 
and 
• the finding that the Delphi technique is an appropriate method for exploratory 
research of this nature, and recommendations to improve the technique have 
been identified, particularly in relation to the addition of actions pre- and post- 
Delphi study to strengthen the findings. 
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CHAPTER 7: CONCLUSIONS 
“It is the active process of transforming the existent situation. Not 
perfection as a final goal, but the ever-enduring process of perfecting, maturing, 
refining is the aim in living…Growth itself is the only moral end.” 
John Dewey 
7.1 INTRODUCTION 
The review of literature in Chapter 2 of this dissertation uncovered a need for the 
Australian water sector to respond to changing conditions such as climate change, 
resource scarcity and population increases (National Water Commission, 2012); and 
changing demands such as those for increased sustainability and efficiency (Organisation 
for Economic Co-operation and Development, 2007). This dissertation proposed 
innovation theory as a point from which to consider this transition to sustainability in the 
sector. Specifically, sectoral systems of innovation (SSI) were identified as the most 
appropriate lens to consider such change within the Australian water sector. This 
investigation comprised a series of data collection and analysis phases to explore the 
overarching research questions identified from Chapter 2. This final chapter contains a 
summative overview of the resultant findings, drawing together the conclusions reached 
throughout this exploration into the key elements for enhancing innovation in the 
Australian water sector as a means to achieve sustainable outcomes for the sector. In the 
process, key barriers, drivers and enablers for innovation in the sector were uncovered, 
as were the similarities and differences in perspectives from research, industry and 
government professionals about the impact of these elements. Additionally, a brief 
guideline was developed for use by water sector professionals to assist in planning and 
decision making for enhanced innovation and sustainability. The purpose of this 
investigation extended to determining the appropriateness of using the Delphi technique 
as a means for foundational research of this nature. After drawing together the major 
findings and conclusions of this research, the contributions and implications for theory 
and practice are discussed. Finally, the scope and methodological limitations of the 
research and considerations for future research are presented. 
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It is concluded through the overall research findings that innovation in the 
Australian water sector is influenced by two overarching themes: the degree of 
community acceptance for an innovation, impacted by the effectiveness of externally focused 
community engagement strategies; and innovator effectiveness within the sector, impacted 
by a broad range of elements within the sector. Accordingly, a number of contributions 
are made to the body of knowledge and practise of innovation in the water sector. 
7.2 OVERVIEW OF MAJOR FINDINGS 
The major findings from this research are outlined in Sections 7.2.1 and 7.2.2. 
7.2.1 RESPONSE TO RESEARCH QUESTIONS 
The findings of this research are detailed within Chapter 4: Interview findings, and 
Chapter 5: Delphi results and analysis, and discussed within Chapter 6: Discussion. This 
section contains a synthesis of these findings leading to a series of conclusions in response 
to the four research questions: 
1. Which three barriers, drivers and enablers for innovation in the Australian water sector would 
provide most potential benefit from investigation? 
2. What are the key elements for innovation in the Australian water sector?  
3. What are the significant similarities and differences between research, industry and 
government?  
4. Is the Delphi technique appropriate for foundational research of this nature? 
Barriers, drivers and enablers for innovation in the water sector 
The most potentially beneficial barriers, drivers and enablers for innovation in the 
Australian water sector were determined through literature, semi-structured interviews 
and a rating scale questionnaire presented in Chapters 4 and 5. 
Barriers: 
1. Inconsistent policy across political cycles 
2. Scepticism or a need for proven results 
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3. Regulation systems impede progress  
Drivers: 
1. Thought leadership and reaching for stretch targets 
2. Influence of policy 
3. Increasing demand for, or scarcity of natural resources 
Enablers: 
1. Suitably framing the problem 
2. Effective regulations 
3. Community acceptance. 
Key elements for innovation in the Australian water sector 
The key elements for innovation in the Australian water sector that were 
discovered through this research could be divided into two distinct groups: community 
acceptance, and innovator effectiveness within the sector. 
Community acceptance: 
• Ensuring community engagement is early and often; 
• Ensuring transparent and open communication with communities; 
• Engaging with community leaders to gain their support; 
• Communicating with a coherent voice for the sector; 
• Investing in public education about water issues; 
• Showcasing achievements of organisations who are demonstrating 
leadership; and 
• Promoting and publicising results and successes of trials and initiatives. 
  
Innovator effectiveness: 
• Building a strong, evidence-based business case; 
• Maintaining long term strategy to ensure organisational direction is on track 
and prepared for opportunities; 
• Enlisting diverse perspectives to identify and frame the right problems and 
develop solutions; 
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• Encouraging collaboration between researchers and industry; 
• Organisations working collaboratively to embrace the adoption of new ideas; 
• Sharing data or information to advance learning and exchange lessons 
learned; 
• Engaging champions or advocates to provide advice and support ideas; 
• Establishing a working group of sector leaders to partner with regulators to 
revisit and re-frame regulations; and 
• Opening the market to third party suppliers who may be in a better position 
to embrace new technology. 
Significant similarities or differences between research, industry and government 
perspectives 
There were very few differences between the views of the segments (research, 
industry, government) involved in the research, with a 90% agreement in priorities. This 
indicates that these three segments of the Australian water sector have similar thoughts 
about which are the most influential barriers, drivers and enablers (at the p ≤ 0.05 level); 
and which are the most influential elements for innovation (with 80% consensus) in the 
Australian water sector. Such consensus could potentially mean more streamlined 
planning and implementation of approaches for innovation. 
Appropriateness of Delphi technique for exploratory research 
The Delphi technique proved to be an effective method of enquiry for the 
exploratory research into the key elements for innovation specific to the Australian water 
sector. One of the key benefits uncovered is the ability for cross-fertilisation of ideas 
between participants, resulting from the iterative nature of the method and ability for 
participants to compare their thoughts with the majority. Additionally, the ability for the 
Delphi study to be conducted online provided the flexibility required to have time 
constrained experts from various geographical locations able to participate in the Delphi 
study. Ultimately, this finding means that the Delphi technique has the potential to be an 
effective research method for similarly foundational research studies. 
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7.2.2 ACTIVE SECTORAL RELATIONSHIPS ARE NECESSARY FOR 
INNOVATION TO FLOURISH 
As the definition of sectoral systems identified in Chapter 2 suggests, sectors are 
related in two ways: through interaction and co-operation, and through competition and 
selection. It can be deduced from the research findings that improving these relationships 
in the Australian water sector would lead to enhanced innovation. As such, a conclusion 
drawn from this finding is that active and well-functioning sectoral relationships are 
necessary for innovation to flourish within the Australian water sector.  
For example, expert participants from the Delphi study came to a consensus that 
four elements contributing to co-operation and interaction, and three elements 
contributing to competition, if improved, would elevate the level of innovation within 
the sector. The elements that were identified by the experts in Chapter 5 as being key to 
innovation, which would also contribute to co-operation were: communicating with a 
coherent voice for the sector, which was ranked number four out of 43; encouraging 
collaboration between researchers and industry, ranked at number six; and organisations 
working collaboratively to embrace the adoption of new ideas, and sharing data or 
information to advance learning and exchange lessons learned were jointly ranked at 
number 13. Additionally, the three elements identified in Chapter 5 as being key to 
innovation, which are also necessary for competition were: building a strong, evidence-
based business case, which was listed as the number one element that would impact 
innovation in the Australian water sector. Having this type of business case present for 
activities would ensure they are market-based rather than public good decisions, thereby 
contributing to competition in the sector. Additional elements identified were: 
showcasing achievements of leading organisations - ranked at number nine - which has 
the ability to create competition by creating a drive for recognition or status; and opening 
the market to third party suppliers, which contributes to competition, ranked at number 
ten.  
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7.2.3 NEW ELEMENTS FOR INNOVATON SPECIFIC TO THE 
WATER SECTOR 
It was discovered that while a fundamental understanding exists in literature about 
the structure and factors affecting innovation for sectoral systems in general, the relative 
newness of the field (it only gained presence during the 1990s) has resulted in an 
incomplete understanding about how different types of sectors either do or do not fit 
with this general understanding. Though some types of sectors, including 
pharmaceutical, chemical, software, and manufacturing have previously been 
researched through the lens of SSI, many others including the water sector have not. This 
exploration into the key elements that affect innovation, specific to the Australian water 
sector, uncovered a number of similarities, but also some important differences to the 
elements that had previously been identified in core innovation literature as discussed in 
Chapter 6. Linkages were identified between innovation theory and fringe fields such as 
knowledge management theory, organisational change theory and collaboration theory, 
where elements from these fringe fields arose as key elements for innovation within this 
research.  
There were also some elements to arise in this research that do not appear to have 
been previously identified as contributing factors for innovation in literature; in 
particular, the elements ‘public education’ and ‘consistent messaging’. While the fact that 
these elements have not previously been discussed in innovation literature could 
potentially mean that they are specific to the water sector, it is more likely that they are 
also applicable, and potentially valuable to other sectors, however had not previously 
been brought to attention. Whether or not they are indeed specific to the Australian water 
sector, or are more generally relevant to other sectors remains to be validated through 
further research.  
7.3 THEORETICAL AND PRACTICAL IMPLICATIONS 
Based on the findings drawn from this research a number of contributions to the 
body of knowledge and practice are provided. This section contains a discussion each of 
these contributions and their implications for existing theory and practical purposes. 
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7.3.1 THEORETICAL 
Having conducted this exploratory research through the lens of innovation theory 
has allowed for the contribution of a new perspective to this field. As uncovered in 
Chapter 2, the current literature on innovation theory and sectoral systems of innovation 
suggest numerous elements that are required for innovation in general to flourish. While 
this theory has posited that elements for innovation are likely to be different for different 
sectors, there has been little research on what these differences are. Although there has 
been some recent research around the pharmaceutical, chemical, energy, software, 
telecommunications, and machine tools sectors (Malerba, 2005, McKelvey et al., 2004, 
Cesaroni et al., 2004, Edquist, 2004, Steinmueller, 2004, Wengel and Shapira, 2004), 
knowledge specific to the water sector as a sectoral system remains limited. Some 
theoretical (Fuenfschilling and Truffer, 2014) and empirical (Geels, 2005, Farrelly and 
Brown, 2011) studies researching the water sector  have investigated specific elements of 
the sector relating to innovation, such as the conceptual foundations of the sector, and the 
role of experimentation in the sector, yet there is still limited empirical knowledge about 
the specific elements for innovation relating to the water sector.  
In response to this gap in empirical knowledge, a significant contribution is made 
through this research, by providing empirical evidence specific to the Australian water 
sector, demonstrating which elements are most likely to impact the state of innovation. 
The use of interviews and the Delphi technique resulted in rich empirical contributions. 
As discussed in Chapter 6, this enquiry uncovered 16 elements that are key to enhancing 
innovation in the Australian water sector, two of which do not appear in core literature 
or fringe literature that references elements conducive to innovation in general (such as 
knowledge management, organisational change, collaboration theory). The emergence of 
these final two elements (public education and consistent messaging) highlights a new 
avenue for exploration around elements for innovation, looking into whether any of 
these findings are transferable to other sectors and innovation theory more generally. 
It is concluded from the findings in Chapter 6 that there is a considerably larger 
focus on community acceptance and the elements required to establish it, than on any 
other element for innovation in the Australian water sector. This finding leads to the 
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conclusion that community acceptance is one of the key influencers for effective 
innovation in this sector. Interestingly, this was also the only factor to receive statistically 
significant differences between all segments (research, industry, government) of the 
sector from the pre-Delphi questionnaire as discussed in Chapter 6 indicating a level of 
volatility around the impact of this element. 
Furthermore, a contribution is made to the methodological literature by deeming 
the Delphi technique an effective method for exploratory research of this nature. In 
addition to this determination about the technique, a contribution to the technique itself 
was also established through the various recommendations for developing the technique 
as outlined in Section 7.2.1 Appropriateness of the Delphi technique. 
7.3.2 PRACTICAL 
A range of practical contributions are made to the Australian water sector, that 
facilitate the understanding of elements that can be improved or leveraged to enhance 
innovation in the sector, with a view to increasing sustainability.  The barriers, drivers 
and enablers that could provide the most potential benefit to innovation in the sector are 
uncovered; the key elements that are conducive to innovation in the sector, presented; 
and a guideline for researchers, industry and government participants to enhance 
innovation in the sector is provided in Chapter 6. The guideline developed through this 
research will be a useful tool for water sector professionals who are interested in 
promoting innovation and sustainability in the sector.  
At a sectoral level, it is suggested that participants conduct a review of current 
regulations to provide more flexibility for new approaches, plus confidence for 
investment in new technologies. Additionally, policymakers and regulators are 
recommended to review market policy and open the market to additional third party 
suppliers allowing for enhanced competition and private investment. Coordinating 
sector-wide strategies for adopting new innovations would spread the risk across a range 
of contributors rather than being loaded onto one or two organisations, enabling the 
adoption of additional innovations into the sector. Initiating enhanced collaboration 
between researchers and industry, as well as effective data sharing systems is the 
responsibility of parties at both the sectoral and organisational level, with benefits of 
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these actions including consolidated research findings and enhanced knowledge across 
the sector. There are a number of activities that can be facilitated at a sectoral level to build 
community confidence and acceptance of new technologies. These activities include 
developing a strategy for the water sector to communicate with a coherent voice 
presenting a united front for the sector, community education and showcasing the 
achievements of leading edge, innovative solutions. 
At the organisational and team level, participants are recommended to develop 
evidence based business cases for innovative initiatives that holistically consider 
environmental and social issues, and clearly link benefit and cost. Teams and 
organisations are also encouraged to implement a long-term approach to planning in 
conjunction with effective problem framing methodologies as a proactive move towards 
resilience against policy changes and developing new solutions to address core problems. 
Additionally, by engaging and supporting innovation champions who are experienced 
and passionate about innovation, organisations can create a loop where they are 
constantly learning, and also have someone who is capable of taking ideas to decision-
makers and the broader sector for support.  
In terms of community acceptance, maintaining consistent and transparent 
communication with project communities, in addition to gaining the support of 
community leaders is recommended to ensure community inclusion in project choices 
and reduce the risk of repercussions. Furthermore, the fact that there was generally 
consistent thinking across the segments, in terms of barriers, drivers and enablers; and 
key elements for innovation suggests a high level of agreement about the most important 
areas for attention and which actions would be worth pursuing in practise. 
7.4 LIMITATIONS OF THE RESEARCH 
While there are a number of contributions from this research, it is important to note 
the limitations in scope and method. 
Firstly, it is important to note that this research is founded on one key assumption: 
that enhanced innovation will lead to improved sustainability for the water sector. While 
there are allusions to this link in literature there has never been empirical research 
Conclusions  
 Page 212 
 
conducted to support this relationship. As such, it is strongly suggested that research be 
conducted to substantiate or disprove the connection between innovation and 
sustainability for the water sector and more broadly. 
7.4.1 SCOPE 
This research had scope to focus only on three each of the barriers, drivers and 
enablers for innovation in the sector. This limitation was due to time and capacity 
constraints of the resources available and bore no ruling on the potential significance of 
the remaining barriers, drivers and enablers that were not further investigated. In fact, 
researching many of these factors has the potential to provide an assortment of additional 
findings that may contribute to this research. Additionally, this research was limited to 
investigating and identifying the key elements for innovation in the Australian water 
sector. It did not investigate how these elements could be best implemented, the likely 
impact they would have or the cost-benefit of their implementation.  
This research was also limited to considering the water sector in the Australian 
context and did not explore geographical diversity, which has the potential to bring 
different cultural, regulatory, political and economic influences into the mix. By limiting 
this research to the Australian context, the focus was able to remain on the elements for 
innovation for this specific context. Despite the geographical limitation of the research 
scope, the findings uncovered may provide a valuable reference for innovation in the 
water sector in other countries, particularly developed nations. Finally, the findings from 
this investigation were limited to the perspective of research, government and industry 
participants. At the time of designing this research, the significance of community 
acceptance for innovation in the Australian water sector was unknown; however, given 
the significance of this element as revealed through this research, exploring the research 
problem from the community perspective may also prove valuable.  
7.4.2 METHODOLOGICAL 
There were a number of limitations related to the research design. First, the nature 
of the Delphi study relies on high-level experts to participate over an extended period of 
time. Recruiting high-level experts to participate over such an extended period can pose 
challenges. There was a particularly delicate balance between retaining experts for four 
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rounds and ensuring consensus and the stability of responses. While the final participant 
pool was sufficient according to Skulmoski and Hartman (2007), Skulmoski (2007) also 
suggests that as the pool increases, so too does the reliability of responses. The most 
important limitation in the research design is specific to the Delphi technique that was 
selected for this research. The limited number and expertise of the participants involved, 
means that findings that arise from this Delphi study are a ‘snapshot’ opinion of one 
particular group of experts at particular point in time and cannot be taken as ‘the truth’. 
7.5 RECOMMENDATIONS FOR FUTURE RESEARCH 
Given the core assumption on which this research is based – that enhanced 
innovation will lead to sustainability in the Australian water sector – it is strongly 
recommended that research be conducted to substantiate or disprove this connection. 
The exploratory nature of this research meant that the findings allowed new 
channels of enquiry related to innovation, sustainability and the water sector to be 
uncovered; specifically, in relation to key elements for innovation in the Australian water 
sector. It is recommended that a future related research avenue would be to develop a 
practical guide and decision making tool to enhance the implementation of such 
elements. Additionally, conducting a cost-benefit analysis of key elements would prove 
beneficial to professionals and organisations looking to heighten innovative outcomes in 
their approaches.  
Sectorally and geographically, the scope of this research only included the water 
sector in the context of Australia. Expanding this scope to investigate other regions may 
provide a valuable understanding about innovation across different cultural, political, 
regulatory environments, which would be a useful contribution to the knowledge about 
innovation in general as well as SSI. There may also be an opportunity to apply the 
learnings from this research into the water sector across a variety of related sectors such 
as roads, power and resources, highlighting another potential avenue for research. 
The scope of this research was reduced after the interviews, which uncovered a 
large number of barriers, drivers and enablers for innovation in the Australian water 
sector. As such, the remainder of this research focused only on three of the factors from 
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each theme as determined through the pre-Delphi questionnaire. A future enquiry into 
the elements for innovation resulting from the remaining barriers, drivers and enablers 
has the potential to uncover additional knowledge which may provide fruitful avenues 
for enhancing innovation.  
One of the findings that came out of this research was that there appear to be 
significant differences between research, industry and government professionals’ 
perception of some factors and elements relating to innovation in the Australian water 
sector, specifically: Inconsistent policy across political cycles; Effective regulations; and 
Community acceptance. While it was discovered that this disparity exists, it was not 
within the scope of this research to find out why this was so. Investigating these key 
perception differences has the potential to offer up key insights into the operations and 
culture of different organisations and professionals within the sector. It is also important 
to note that the findings in this investigation are limited to being the perception of 
industry, research and government participants and do not include the perspective of 
community members. Given the prominence of ‘community acceptance’ as an essential 
theme for innovation, it is suggested that future research to gain the perception of 
community members about the findings would be useful. 
Based on the methodological limitations identified in Section 7.4.2, four 
recommendations are proposed for researchers conducting studies of a similar nature in 
the future. These are: 
1. Add a pre-Delphi scoping round to provide participants with ownership of the 
Delphi study topics, potentially increasing relevance and retention; 
2. Design the ideas generation round in a manner that allows for a virtual 
brainstorming-like scenario, where participants can bounce off one another’s 
responses and can contribute on an iterative basis; 
3. Conduct a minimum of three ‘consensus’ rounds to ensure stability of responses 
across rounds; 
4. Conduct a post-Delphi focus group or interviews to verify findings from the Delphi 
study. 
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7.6  SUMMARY 
Achieving environmentally, economically and socially sustainable operations in 
the Australian water sector is critical to ensuring the ongoing provision of this essential 
service, particularly in the face of contemporary challenges such as climate change, 
resource demand and population increases. Despite efforts to date, a necessary level of 
sustainability has not yet been achieved. Thus, this research contained an exploration into 
innovation as a pathway to achieving sustainability.  
In order to most effectively benefit from innovation as a conduit for sustainability, 
it is first necessary to understand the interactions and elements for innovation 
contributing to the sector as it currently stands. This exploratory information collation 
exercise is an important first step in building a knowledge base around the components 
for change and innovation within the sector, and forms the underpinning for more 
specific lines of enquiry, such as those to address the pertinent challenges facing the 
sector, including climate change, population changes and resource scarcity. By fulfilling 
on the intention of this research, to develop a foundational understanding of the key 
elements pertaining to innovation in the Australian water sector, it was determined that 
active sectoral relationships are essential for innovation to thrive in the sector. 
Furthermore, the two overarching themes that allow for this to happen are the generation 
of community acceptance and the innovator effectiveness within the sector. These two 
themes were further broken down into the 16 key elements that make up the foundation 
for innovation in the Australian water sector. 
It was concluded through the findings that while many of the elements for 
innovation in the Australian water sector that emerged are consistent with those that 
have been previously discussed within innovation literature, there are two that have not 
previously been identified: public education and consistent messaging. Further research 
is necessary to validate if these are relevant across many or all sectors, or if they are 
specific to the water sector. 
In large, the use of the Delphi technique was determined to be appropriate for 
research of this nature, where existing knowledge is light. Some suggestions for 
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improving the method were posed, including additional pre- and post- Delphi activities 
to further validate the findings as discussed in Section 7.4.2. 
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A1: PRE-DELPHI QUESTIONNAIRE 
PAGE 1 (pre-Delphi) 
 
Investigation into barriers, drivers and enabling factors for integrating innovation 
into the water sector 
Title of Research:  Incorporating innovation to enhance water sector sustainability in 
Australia 
Investigator:  Queensland University of Technology (QUT) 
Research Aim: The aim of the study is to assess the potential to incorporate innovations 
into the water sector in Australia; to sustainably address future water scarcity challenges in 
the face of climate change, population pressures and resource scarcity. 
Confidentiality: All information gathered from the study will be treated as confidential. The 
identity of participants will not be disclosed to any unauthorised persons; only direct 
members of the research team will have access to the data collected as part of the study. 
Any information that may compromise the anonymity or cause risk to the professional 
reputation of participants will not be disclosed. 
This content of this questionnaire forms partial fulfilment of the doctoral research for Jillian 
Kenny and may not be reproduced or distributed in any form. 
Ethical Conduct: This questionnaire is in accordance with QUT’s University’s research 
commitment to the National Statement on Ethical Conduct in Research Involving Humans.    
Voluntary Participation: Undertaking this questionnaire is voluntary and the decision not to 
participate will in no way upon your relationship with the Queensland University of 
Technology. 
Questions: Any queries regarding this project may be directed to the research team: 
Principal Research Investigator: 
Ms Jillian Kenny 
PhD Candidate, Science and Engineering Faculty 
Queensland University of Technology 
e: jillian.kenny@student.qut.edu.au 
p: 0448 852 209 
 
Additional Research Team Investigators: 
Prof. Arun Kumar (Principal Supervisor) 
Professor, Science and Engineering Faculty 
Queensland University of Technology 
e: arun.kumar@qut.edu.au 
p: 07 3138 2731 
Dr Cheryl Desha (Associate Supervisor) 
Senior Lecturer, Science and Engineering Faculty 
Queensland University of Technology 
e: cheryl.desha@qut.edu.au 
p: 0422 994 143 
 
Mr Jim Reeves (Industry Advisor) 
General Manager 
Institute for Future Environments 
Queensland University of Technology 
e: jim.reeves@qut.edu.au 
p: 07 3138 0163 
 
Mr David Hood (Industry Advisor) 
Adjunct Professor, Science and Engineering 
Faculty 
Queensland University of Technology 
e: davidahood@mac.com 
p: 07 3878 2114 
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Agreement: By completing and returning this questionnaire I agree to permit the information 
that I provide to be used to inform and contribute to the creation of academically reviewed 
and publicly available reports, research papers, and theses relating to the barriers, drivers 
and enablers for incorporating innovation into the water sector. 
 
PAGE 2 (pre-Delphi) 
About the researcher 
Jillian Kenny is a PhD candidate in the Science and Engineering faculty at QUT. Having 
received first class honours for completing her undergraduate degree in civil engineering, 
she then spent three years as a project engineer for the Port of Brisbane Pty Ltd before 
returning to QUT to undertake postgraduate research into the areas of innovation and 
biomimicry in engineering projects.  
About this study 
This research focuses on supporting the introduction of alternative approaches to 
sustainable outcomes in the water sector in Australia through an investigation into the key 
barriers, drivers and enablers of innovation within the sector. The context for this research is 
the desire to meet future water requirements in the face of climate change, population 
pressures and resource scarcity. The title of this research is “Incorporating innovation to 
enhance water sector sustainability”.  
The intended final outcomes of this research will be a/an:  
• improved understanding of the significant barriers to innovation in the water sector; 
and 
o insights and strategies to overcome these 
• improved understanding of the key drivers for innovation in the water sector; and  
o how they differ for different types of organizations, cultures, etc.; and  
o how individuals, organizations and institutions can take best advantage of 
them; 
• improved understanding of the key enablers to innovation in the water sector; and 
o how to establish these factors into more organizations and institutions; and 
o how to make best advantage of these; 
• guideline for developing enhanced sustainability outcomes for water infrastructure 
through the integration of innovative concepts within the water sector. 
About this research to date 
The Delphi method is a group research technique that allows for structured communication 
through a process that permits a group of individual experts, as a whole, to deal with a 
complex problem. The purpose for allowing experts to respond to numerous iterations of the 
one questionnaire is to allow participants to revise their stance on a topic when introduced to 
additional information.  
This pre-Delphi questionnaire is based on preliminary research to date, including: 
• An extensive literature review that informed the development of a global 
questionnaire of academics and industry participants from the water sector 
• A general questionnaire of 43 participants that provided a ‘point-in-time’ appreciation 
of the views of a selection of people within the water sector 
• Semi-structured interviews of 12 participants. The interviewees were selected from 
the general questionnaire respondents to represent diversity across experience, 
backgrounds, sectors etc. These interviews heavily informed the development of this 
pre-Delphi questionnaire. 
• Selection of Delphi study experts [15 total experts, made up of 5 from industry, 5 
from research, and 5 from the public sector] 
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During the previous interviews, key barriers, drivers and enablers for innovation in the water 
sector were discussed. These discussions highlighted many of the ‘old favourites’ – items 
that are consistently cited as reasons for slow or no progress in this sector.  
General information about this questionnaire 
• This questionnaire is a precursor to the three (3) round “Delphi” questionnaire. 
• This questionnaire will take between 15 and 30 minutes to complete.  
In this questionnaire, you will respond to three themes: 
• Theme 1 – outlines the key barriers to innovation in the water sector  
• Theme 2 – outlines the key drivers to innovation in the water sector, and  
• Theme 3 – outlines the key enablers to innovation in the water sector derived from 
the previous interviews. 
This questionnaire is about identifying the most critical and influential factors from each of 
the themes. The results from this questionnaire will influence the focus of “Delphi” 
questionnaire rounds 1-3, which will concentrate on strategies to overcome key barriers, and 
capitalise on the key drivers and enablers for innovation in the water sector. 
Next steps 
1. Experts participate in Delphi Questionnaire 1 where they generate a list of potential 
solutions based on responses from this pre-Delphi Questionnaire 
2. Researcher compiles results from Questionnaire 1 and develops Questionnaire 2 
based on those responses 
3. Experts participate in Questionnaire 2 where they rate/rank responses from 
Questionnaire 1 and explain their reasoning for any deviation 
4. Researcher compiles results from Questionnaire 2 and develops Questionnaire 3 
based on those responses 
5. Experts participate in Questionnaire 3 where they rate/rank responses from 
Questionnaire 2 and explain their reasoning for any deviation 
6. Researcher compiles results from Questionnaire 3 and distributes final results to 
experts. 
 
PAGE 3 (pre-Delphi) 
Theme 1 – Key barriers to innovation in the water sector 
Context: 
Findings from the literature review and previous interviews have highlighted 10 barriers to 
innovation and adoption of innovations in the water sector. This questionnaire seeks your 
contribution to prioritise these barriers, considering a number of points about the barriers.  
 
Instructions: 
Please rate the ‘IMPACT’ and ‘PRIORITY TO ADDRESS’ for each of the 10 barriers to 
innovation and adoption of innovations in the water sector listed below; bearing in mind 
the points below each question. Please use “other” to note any additional considerations 
you think are important. 
 
Definitions: 
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Impact of barrier – the effect or influence the barrier has/will have on innovation 
Priority to address – how important it is that this barrier is addressed in a timely manner 
 
 
1. Passive innovation culture within the water sector 
 
 If you disagree with any of 
these points, please check 
the corresponding box 
If you disagree with any 
of these points, please 
indicate why you 
disagree 
Many water utilities wait for other 
parties to approach them with new 
innovations 
   
Water utilities do not proactively 
seek continuous improvement in 
their performance 
   
There  is some movement toward 
water utilities becoming more 
innovative 
   
Water reform is often characterised 
by long cycles of steady 
unspectacular progress, followed 
by short intense bouts of step 
change – normally driven by crisis 
   
Public acceptance of alternative 
water supplies and technologies 
declines when water is not in a 
‘crisis period’ e.g. flood or drought 
   
Water utilities often experience 
‘reform fatigue’ after significant 
change e.g. in response to a major 
flooding event 
   
Other:    
 
Please rate Question 1 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
 
2. Human tendency to start from what we already know 
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 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
When approaching a problem, there is 
a natural human tendency to start from 
what we know has worked in similar, 
previous situations 
   
This tendency inhibits innovative 
thinking 
   
Teams often do not effectively define 
the ‘right’ problem when faced with a 
challenge 
   
It is often easier, or less effort is 
required to repeat or build on previous 
solutions than to develop new solutions 
from scratch 
   
Other:    
 
Please rate Question 2 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
3. Inconsistent policy across political cycles 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Government funding towards research 
and programs is often slashed when 
drought/flooding is not a visible issue 
   
New governments sometimes revoke 
funding and subdue progress made 
under previous governments due to 
policy changes 
   
Other:    
 
Please rate Question 3 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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4. Ineffective collaboration between research and industry 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
There is not enough collaboration 
between research and industry 
   
Sometimes, the research conducted at 
universities cannot be readily translated 
to the real world 
   
There is not enough guidance for 
academia from industry about the 
direction research needs to take 
   
Other:    
 
Please rate Question 4 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
5. Ineffective engagement between the water sector and its customers 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
There are currently silos between water 
and other sectors  e.g. water and 
mining, natural resource management, 
urban planning 
   
These silos prevent valuable sharing of 
issues or ideas that could be useful in 
developing research that stretches 
across industries 
   
Other:    
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Please rate Question 5 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
6. Intellectual Property inhibits sharing of ideas 
 
 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
IP is a large barrier to innovation    
If your company contributes any money 
and/or knowledge to a concept, you 
should claim IP 
   
Sharing knowledge too early can be  a 
barrier to gaining a patent on a 
technology 
   
Other:    
 
Please rate Question 6 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
7. There is a culture of avoiding failure 
  
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Trying something new and being 
unsuccessful could be harmful to career 
prospects 
   
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Failures are quickly and severely 
punished in the water sector 
   
There is an expectation of perfection by 
the community and low tolerance for 
error 
   
Ineffective past projects can cause 
hesitancy to trial new concepts in the 
future 
   
It can be difficult to implement a new 
concept, particularly when it doesn’t fit 
with the existing water system 
   
Other:    
 
Please rate Question 7 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
8. Scepticism/ Need for proven results 
 
 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
There is a natural scepticism about 
many new concepts - “It’s too good to 
be true” mentality 
   
Lack of acceptance is a barrier to 
implementation - e.g. community 
opposition to recycled potable water in 
some communities 
   
New concepts need to be seen to have 
worked effectively somewhere else 
before they will be considered for 
implementation 
   
Confidence in a new technology can be 
lost overnight with just one mistake 
   
 
Other: 
   
 
Please rate Question 8 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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9. Regulation systems impede progress 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Regulation systems have been set up to 
efficiently implement, based on past 
successes, not present needs 
   
Regulations do not allow for much 
flexibility/freedom 
   
If an idea does not comply with 
regulation, higher management will stop 
listening at that point 
   
Regulatory focuses leave little room for 
innovation 
   
Regulations are written to be practice 
based rather than performance based – 
i.e. prescribing a method, rather than 
articulating a level of performance 
   
There is not much drive by individuals, 
consultants or organisations to challenge 
existing regulations 
   
Consultants are bound by their scope 
which usually does not involve going 
outside regulations 
   
We often see regulations as a fixed way 
of being, not something that is 
changeable 
   
Other:    
 
Please rate Question 9 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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10. There is an unconvincing business case for innovation 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
There is not yet a persuasive business 
case for sustainable innovations in the 
water sector 
   
Organisations need to know how much 
value will be created for every dollar 
invested (financial/non-financial returns 
and direct/indirect benefits) 
   
Innovative solutions require a high 
outlay of expenses before technologies 
make it to market 
   
There is not much financial support 
available for innovation development in 
the water sector 
   
Commercial interests dominate decision 
making 
   
Other:    
 
Please rate Question 10 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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Theme 2 – Key drivers for innovation in the water sector 
Context: 
Findings from the literature review and previous interviews have highlighted 8 drivers for 
innovation and adoption of innovations in the water sector. This questionnaire seeks your 
contribution to prioritise these drivers, considering a number of points about the drivers.  
 
Instructions: 
Please rate the ‘IMPACT’ and ‘PRIORITY TO ADDRESS’ for each of the 8 drivers for 
innovation and adoption of innovations in the water sector listed below; bearing in mind 
the points below each question. Please use “other” to note any additional considerations 
you think are important. 
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Definitions: 
Impact of driver – the effect or influence the driver has/will have on innovation 
Priority to address – how important it is that this driver is addressed in a timely manner 
 
 
1. Long-term thinking drives support for innovation 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Implementing solutions now for the 
long-term future will encourage 
innovative thinking 
   
By challenging today’s technology we 
may avoid significant challenges in the 
future 
   
The water systems we are developing 
today will be in existence for a long time 
so we need them to be the best they 
can be 
   
Other:    
    
Please rate Question 1 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
2. Thought leadership and reaching for stretch targets 
 
 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Having a view or target to aspire to 
(being able to see the possibility) is 
very important in carrying out a cutting-
edge project 
   
Other:    
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Please rate Question 2 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
3. Increasing demand for/ scarcity of resources 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Drought/ lack of access to water drives  
an openness to try new things 
   
Some existing sourcing and treatment 
processes can be highly energy 
intensive. There is a priority to reduce 
energy requirements for these 
processes and prevent significant 
increases in the future 
   
Significant land is needed for current 
water treatment practices. Some 
locations do not currently have the 
availability of land resources necessary 
to accommodate treatment 
requirements, driving the need for 
alternative practices 
   
Other:    
 
Please rate Question 3 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
4. Increasing cost of water 
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 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Innovation will become more of a 
priority as the cost of water increases 
   
Other:    
 
Please rate Question 4 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
5. Influence of policy 
 
 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Policy drives thinking, not the other 
way around 
   
Policy debate is critical in shaping 
regulatory structures that nurture 
innovation and diversity 
   
Other:    
 
Please rate Question 5 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
6. Imperative for solutions 
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 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
The most innovative communities, 
organisations or countries are those 
that have the greatest need 
   
Crisis periods often result in short 
intense bouts of step change in the 
water sector 
   
Other:    
 
Please rate Question 6 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
7. Opportunity for financial savings 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Innovations will ultimately save money 
through reduced need for resources 
such as energy 
   
Payback periods can be quite short    
Other:    
 
Please rate Question 7 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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8. Holistic valuation 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Valuing environmental and social 
impacts in costing assessments 
increases the need for innovative 
solutions 
   
Other:    
 
Please rate Question 8 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
 
PAGE 5 (pre-Delphi) 
Theme 3 – Key enablers for innovation in the water sector 
Context: 
Findings from the literature review and previous interviews have highlighted 9 enablers for 
innovation and adoption of innovations in the water sector. This questionnaire seeks your 
contribution to prioritise these enablers, considering a number of points about the 
enablers.  
 
Instructions: 
Please rate the ‘IMPACT’ and ‘URGENCY TO CHANGE’ for each of the 9 enablers for 
innovation and adoption of innovations in the water sector listed below; bearing in mind 
the points. Please use “other” to note any additional considerations you think are 
important. 
 
Definitions: 
Impact of driver – the effect or influence the enabler has on the ability to innovate 
Priority to address – how important it is that this enabler is embraced 
 
 
1. Suitably framing the problem 
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 If you disagree with any of 
these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Framing the problem (defining the right 
problem) is critical 
   
Framing the problem can allow people 
to think more creatively, rather than 
going straight to solutions they have 
used in the past 
   
Other:    
 
Please rate Question 1 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
2. Collaboration/ knowledge sharing 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Industry can influence research by 
academia to create win-win situations 
   
Enhanced knowledge sharing/ 
collaboration across intersecting 
sectors could enable more optimum 
outcomes e.g. water and mining sectors 
   
Other:    
 
Please rate Question 2 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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3. Establishing and maintaining trust 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Trust is very important in collaborative 
relationships 
   
It can be more beneficial for a water 
utility to remaining a neutral, trusted 
party, than to own the technology or IP 
   
The value of an idea is dependent on 
trust 
   
Other:    
 
Please rate Question 3 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
4. Funding support 
 
 If you disagree with any of 
these points, please check 
the corresponding box 
If you disagree with any 
of these points, please 
indicate why you 
disagree 
Budget for innovation wouldn’t exist without 
the financial support of government 
departments or private investment 
  
R&D departments can operate like a 
business – they are not a charity 
  
Other:   
 
Please rate Question 4 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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5. Effective regulations 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
More performance based and less 
prescriptive regulations would allow 
more freedom for innovation 
   
There is some movement by regulators 
towards more flexibility 
   
Other:    
 
Please rate Question 5 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
 
6. Linking sector leaders through a dedicated program 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Facilitating a global system to link 
leaders in the water sector would 
accelerate innovation beyond the 
traditional method of knowledge 
transfer 
   
Networking leading utilities to empower 
other utilities to be accepting of 
innovative technologies could enhance 
the uptake of innovations 
   
Other:    
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Please rate Question 6 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
7. Having a holistic perspective of commercial factors 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
You get out what you put in – lesser 
investments will result in lower quality 
outputs 
   
Sometimes it is better to relinquish 
immediate income for higher long-term 
paybacks (in cost reduction, in 
environmental outcomes) 
   
Educated customers tend to be less 
concerned about upfront cost and more 
open to innovation 
   
Some projects will fail but overall, 
paybacks are good 
   
Sometimes innovative projects will cost 
more, but this is justified by the benefit 
they bring to our society (environmental, 
social)  
   
Other:    
Please rate Question 7 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
8. Confidence/ proven results 
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 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Confidence in an idea allows for secure 
integration into operation  
   
It is the traditionally the utility’s 
responsibility to create the market and 
confidence for innovative technologies 
   
Industry could play a larger role in 
creating confidence in water innovation 
   
Other:    
 
Please rate Question 8 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
 
9. Community acceptance 
 
 If you disagree with any 
of these points, please 
check the corresponding 
box 
If you disagree with 
any of these points, 
please indicate why 
you disagree 
Public acceptance of alternative water 
supplies and innovation rises during 
crisis (e.g. flood/drought) periods 
   
If the customer or client wants a high 
level of sustainability, the consultant has 
more freedom to experiment 
   
Other:    
 
Please rate Question 9 on the scale below, taking into account the points listed 
above 
Please give a score out of 100 where: 0 = strongly disagree, 100 = strongly agree 
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Appendices  
 Page 242 
A2: DELPHI ROUND 1 QUESTIONNAIRE 
Investigation into barriers, drivers and enabling factors for 
integrating innovation into the water sector 
 
Title of research: Determining the enabling and disabling factors for implementing 
innovation into the water sector 
 
Investigator: Queensland University of Technology (QUT) 
 
Research aim: The aim of the study is to assess the potential to incorporate innovations into 
the water sector to provide enhanced sustainability outcomes in multiple social, 
environmental and economic dimensions. 
 
Confidentiality: All information gathered from the study will be treated as confidential. The 
identity of participants will not be disclosed to any unauthorised persons; only direct 
members of the research team will have access to the data collected as part of the study. 
Any information that may compromise the anonymity or cause risk to the professional 
reputation of participants will not be disclosed. 
This content of this questionnaire forms partial fulfilment of the doctoral research for Jillian 
Kenny and may not be reproduced or distributed in any form. 
 
Ethical conduct: This questionnaire is in accordance with QUT’s University’s research 
commitment to the National Statement on Ethical Conduct in Research Involving Humans. 
 
Voluntary participation: Undertaking this questionnaire is voluntary and the decision not to 
participate will in no way upon your relationship with the Queensland University of 
Technology. 
 
Questions: Any queries regarding this project may be directed to the research team: 
 
Principal research investigator: 
Ms Jillian Kenny 
PhD Candidate, Science and Engineering Faculty 
Queensland University of Technology 
e: jillian.kenny@student.qut.edu.au 
p: 0448 852 209 
 
Additional research team investigators: 
Prof. Arun Kumar (Principal Supervisor) 
Professor, Science and Engineering 
Faculty 
Queensland University of Technology 
e: arun.kumar@qut.edu.au 
p: 07 3138 2731 
 
 
Dr Cheryl Desha (Associate Supervisor) 
Senior Lecturer, Science and Engineering 
Faculty 
Queensland University of Technology 
e: cheryl.desha@qut.edu.au 
p: 0422 994 143 
 
Mr Jim Reeves (Industry Advisor) 
General Manager 
Institute for Future Environments 
Queensland University of Technology 
e: jim.reeves@qut.edu.au 
p: 07 3138 0163 
 
Mr David Hood (Industry Advisor) 
Adjunct Professor, Science and 
Engineering 
Faculty 
Queensland University of Technology 
e: davidahood@mac.com 
p: 07 3878 2114 
 
 
Agreement: By completing and returning this questionnaire I agree to permit the information 
that I provide to be used to inform and contribute to the creation of academically reviewed 
and publicly available reports, research papers, and theses relating to the barriers, drivers 
and enablers for incorporating innovation into the water sector. 
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About the Round 1 Delphi questionnaire 
During the pre-Delphi part of this Delphi study barriers, drivers and enabling factors for 
innovation in the water sector were rated according to level of influence and priority to 
address. The top influencers and priorities for each of these areas will be the focus of this 
and future rounds of this study i.e.  
• the barriers that were collectively ranked highest in the pre-Delphi study, will be a focus 
for Delphi rounds 1, 2, and 3 
• the drivers that were collectively ranked highest in the pre-Delphi study, will be a focus for 
Delphi rounds 1, 2, and 3  
• the enablers that were collectively ranked highest in the pre-Delphi study, will be Delphi 
rounds 1, 2, and 3 
•  
In some cases the top barriers and top drivers or enablers are closely related to one another. 
In these cases the factors will be considered together. 
 
Round 1 of this Delphi study focuses on identifying potential strategies and methods to: 
a)   Overcome barriers 
b)   Capitalize on drivers, and 
c)   Encourage enablers for innovation in the water sector. 
 
The results from Round 1 will influence Rounds 2 and 3, which will concentrate on ranking 
the effectiveness of potential strategies and methods identified during Round 1. 
 
I appreciate that your time is extremely valuable and ask that you go as 
deep with your responses as you can in whatever time you have 
available. 
 
 
 
 
Theme 1 - Barriers to innovation in the water sector 
 
Based on Round 1 of this Delphi study, one of the most influential barriers to innovation 
in the water sector as collectively identified by the group was: 
 
Scepticism or a need for proven results 
 
As a reminder, the discussion points associated with this barrier are: 
• There is a natural scepticism about many new concepts - “It’s too good to be 
true” mentality 
• New concepts need to be seen to have worked effectively somewhere before 
they will be considered for implementation 
• Confidence in a new technology can be lost overnight with just one mistake 
1. Please describe any strategies, tools or methods you think may be useful in 
overcoming the barrier: Scepticism or a need for proven results 
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Based on Round 1 of this Delphi study, one of the most influential barriers to innovation 
in the water sector as collectively identified by the group was: 
 
Regulation systems impede progress 
 
This is closely related to one of the most influential enablers for innovation in the water 
sector, which was collectively identified by the group as: 
 
Effective regulations 
 
As a reminder, the discussion points associated with this barrier and enabler are: 
• Regulations are necessary, however, there is room to improve some aspects of 
the current system 
• Regulations do not allow for much flexibility/freedom and leave little room for 
innovation, however, there is some movement by regulators towards more 
flexibility 
• We often see regulations as a fixed way of being, not something that is 
changeable 
• Some players in the water sector will challenge regulations if they see a benefit 
to all parties 
• More performance based and less prescriptive regulations would allow more 
freedom for innovation 
2. Please describe any strategies, tools or methods you think may be useful in 
overcoming the barrier: Regulation systems impede progress and encouraging the 
enabler: Effective regulations 
 
 
Based on Round 1 of this Delphi study, one of the most influential barriers to innovation 
in the water sector as collectively identified by the group was: 
 
Inconsistent policy across political cycles 
 
This is closely related to one of the most influential drivers for innovation in the water 
sector, which was collectively identified by the group as: 
 
Influence of policy 
 
As a reminder, the discussion points associated with this barrier and driver are: 
• Government funding towards research and programs is often slashed when 
drought/flooding is not a visible issue 
• New governments sometimes revoke funding and subdue progress made under 
previous governments due to policy changes 
• Short electoral cycles and high policy uncertainty increases the risk associated 
with decisions that may be at the effect of the political cycle 
• Policy drives thinking in the sector 
• The policy debate is critical in shaping regulatory structures that nurture 
innovation and diversity 
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3. Please describe any strategies, tools or methods you think may be useful in 
overcoming the barrier: Inconsistent policy across political cycles and capitalising on 
the driver: Influence of policy 
 
 
Theme 1 – Drivers for innovation in the water sector 
 
Based on Round 1 of this Delphi study, one of the most influential drivers for innovation 
in the water sector as collectively identified by the group was: 
 
Thought leadership and reaching for stretch targets 
 
As a reminder, the discussion points associated with this driver are: 
• Having a view or target to aspire to (being able to see the possibility) is very 
important in carrying out a cutting edge project 
4. Please describe any strategies, tools or methods you think may be useful in 
capitalising on the driver: Thought leadership and reaching for stretch targets 
 
 
Based on Round 1 of this Delphi study, one of the most influential drivers for innovation 
in the water sector as collectively identified by the group was: 
 
Increasing demand for/ scarcity of resources 
 
As a reminder, the discussion points associated with this driver are: 
• Drought/ lack of access to water drives an openness to try new things 
• Some existing sourcing and treatment processes can be highly energy 
intensive. There is a priority to reduce energy requirements for these processes 
and prevent significant increases in the future 
• Significant land is needed for current water treatment practices. Urban 
encroachment means that some locations do not currently or may not in the 
future, have the availability of land resources necessary to accommodate 
treatment requirements, driving the need for alternative practices 
5. Please describe any strategies, tools or methods you think may be useful in 
capitalising on the driver: Increasing demand for/ scarcity of resources 
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Theme 3 – Enablers for innovation in the water sector 
 
Based on Round 1 of this Delphi study, one of the most influential enablers for 
innovation in the water sector as collectively identified by the group was: 
 
Suitably framing the problem 
 
As a reminder, the discussion points associated with this enabler are: 
• Framing the problem (defining the right problem) is critical. This also means 
having the right people at the table to participate in this exercise 
• Framing the problem can allow people to think more creatively, rather than 
going straight to solutions they have used in the past 
6. Please describe any strategies, tools or methods you think may be useful in 
capitalising on the driver: Suitably framing the problem 
 
 
Based on Round 1 of this Delphi study, one of the most influential enablers for 
innovation in the water sector as collectively identified by the group was: 
 
Community acceptance 
 
As a reminder, the discussion points associated with this enabler are: 
• Public acceptance of alternative water supplies and innovation sometimes rises 
during crisis (e.g. flood/drought) periods, although not always e.g. Toowoomba 
recycled water scheme rejected during drought period 
• If the customer or client wants a high level of economic, environmental and 
social benefit, the consultant has more freedom to experiment 
• Water utilities need to be accountable for creating customer acceptance and 
education 
7. Please describe any strategies, tools or methods you think may be useful in 
capitalising on the driver: Community acceptance 
 
 
Please indicate your name (for researcher use only) 
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A3: DELPHI ROUND 2 QUESTIONNAIRE 
Investigation into barriers, drivers and enabling factors for 
integrating innovation into the water sector 
 
Title of research: Determining the enabling and disabling factors for implementing 
innovation into the water sector 
 
Investigator: Queensland University of Technology (QUT) 
 
Research aim: The aim of the study is to assess the potential to incorporate innovations into 
the water sector to provide enhanced sustainability outcomes in multiple social, 
environmental and economic dimensions. 
 
Confidentiality: All information gathered from the study will be treated as confidential. The 
identity of participants will not be disclosed to any unauthorised persons; only direct 
members of the research team will have access to the data collected as part of the study. 
Any information that may compromise the anonymity or cause risk to the professional 
reputation of participants will not be disclosed. 
This content of this questionnaire forms partial fulfilment of the doctoral research for Jillian 
Kenny and may not be reproduced or distributed in any form. 
 
Ethical conduct: This questionnaire is in accordance with QUT’s University’s research 
commitment to the National Statement on Ethical Conduct in Research Involving Humans. 
 
Voluntary participation: Undertaking this questionnaire is voluntary and the decision not to 
participate will in no way upon your relationship with the Queensland University of 
Technology. 
 
Questions: Any queries regarding this project may be directed to the research team: 
 
Principal research investigator: 
Ms Jillian Kenny 
PhD Candidate, Science and Engineering Faculty 
Queensland University of Technology 
e: jillian.kenny@student.qut.edu.au 
p: 0448 852 209 
 
Additional research team investigators: 
Prof. Arun Kumar (Principal Supervisor) 
Professor, Science and Engineering 
Faculty 
Queensland University of Technology 
e: arun.kumar@qut.edu.au 
p: 07 3138 2731 
 
 
Dr Cheryl Desha (Associate Supervisor) 
Senior Lecturer, Science and Engineering 
Faculty 
Queensland University of Technology 
e: cheryl.desha@qut.edu.au 
p: 0422 994 143 
 
Mr Jim Reeves (Industry Advisor) 
General Manager 
Institute for Future Environments 
Queensland University of Technology 
e: jim.reeves@qut.edu.au 
p: 07 3138 0163 
 
Mr David Hood (Industry Advisor) 
Adjunct Professor, Science and 
Engineering 
Faculty 
Queensland University of Technology 
e: davidahood@mac.com 
p: 07 3878 2114 
 
 
Agreement: By completing and returning this questionnaire I agree to permit the information 
that I provide to be used to inform and contribute to the creation of academically reviewed 
and publicly available reports, research papers, and theses relating to the barriers, drivers 
and enablers for incorporating innovation into the water sector. 
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About the Round 2 Delphi questionnaire 
During the pre-Delphi round of this Delphi study, barriers, drivers and enablers for innovation 
in the water sector were rated according to their ‘level of influence’ and ‘priority to address’. 
During round 1 of this Delphi study, strategies, tools and methods to overcome, capitalise on 
and encourage innovation in the water sector were proposed by the expert panel. 
The responses from round 1 of this study have been content analysed and similar responses 
grouped together to ensure the round 2 questionnaire is not repetitive and is easy to 
complete. The meaning of the responses has not been changed. 
 
Instructions for the Round 2 Delphi questionnaire 
Round 2 of this Delphi study lists the grouped responses provided by the expert panel in 
round 1. 
You will see a scale beside each factor with the options: 
• No impact 
• Low impact 
• Some impact 
• High impact 
• Most impact 
Please select the option that you feel best describes how much impact each element has or 
could have on the state of innovation in the water sector. 
 
Category - Diversity 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Engaging multi-disciplinary 
leaders to develop a 
consensus about priority 
areas for the sector 
     
 
Enlisting diverse 
perspectives to identify and 
frame the right problems and 
develop solutions 
     
 
Diversifying portfolio's to 
ensure robust and resilient 
water supply      
 
 
Category - Collaboration 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
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   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Encouraging collaboration 
between utilities to share 
responsibility and spread risk 
for new ideas 
     
 
Organisations working 
collaboratively to embrace 
adoption of new ideas      
 
Sharing data or information 
to advance learning and 
exchange lessons learned      
 
Involving stakeholders in 
policy development to 
ensure suitability to sector      
 
Encouraging collaboration 
between researchers and 
industry      
 
Realigning research KPI's to 
include transfer of 
technology to industry      
 
 
Category - Increasing the public profile of the water sector 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Increasing the profile of the 
water industry through 
spokespersons and media      
 
Enhancing media 
engagement to increase 
interest and awareness of 
water issues and innovations 
     
 
Peak bodies or associations 
providing public information 
or debate on key issues      
 
Promoting and publicising 
results and successes of 
trials and initiatives      
 
Showcasing achievements of 
organisations who are 
demonstrating leadership      
 Communicating with a coherent voice for the sector      
 
 
Category - Leadership 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
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   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Engaging champions or 
advocates to provide advice 
and support ideas      
 
Leadership around trialling 
and adopting innovation from 
entities such as CSIRO or 
WSAA 
     
 
 
Category - Culture 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Developing a culture 
conducive to innovation 
within organisations      
 
Maintaining the focus on 
cultural change that started 
with restrictions and became 
almost normal behaviour 
     
 
Encouraging industry to 
embrace KPI's around 
innovation and support of 
new technology 
     
 Creating competition to drive adoption of innovation      
 
 
Category - Education 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 Investing in public education about water issues      
 
Independent science and 
research to support public 
understanding and 
acceptance 
     
 
 
Category - Regulation 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
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   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Understanding the 
challenges in current 
regulations from all 
perspectives 
     
 
Ensuring regulators are kept 
abreast of latest 
developments and best 
practise models 
     
 
Establishing a working group 
of sector leaders to partner 
with regulators to re-visit and 
re-frame regulations 
     
 
Nationally consistent 
regulations to foster 
streamlining and consistency 
whilst still maintaining 
appropriate standards 
     
 Public reporting to provide a holistic view of performance      
 
 
Category - Community engagement 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Ensuring transparent and 
open communication with 
communities      
 Engaging with community leaders to gain their support      
 
Openly presenting benefits 
and risks of new and existing 
options to clearly show value 
of each option 
     
 
Providing real choice for 
communities during 
engagement processes      
 Understanding community priorities and demands      
 
Demonstrating clear 
feedback about where 
community contributions 
have been reflected in 
decision making 
     
 
Ensuring community 
engagement is early and 
often      
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Category - Other 
 
How much impact do you think each element has or could have on the 
state of innovation in the water sector? 
 
   No impact Low impact 
Some 
impact High impact 
Most 
impact 
 
Communicating concepts 
appropriately for the given 
audience      
 Building a strong, evidence-based business case      
 
Establishing benchmarks 
and link to awards for 
successful projects      
 
Maintaining long term 
strategy to ensure 
organisational direction is 
on-track and prepared for 
opportunities 
     
 
Opening the market to third 
party suppliers who may be 
in a better position to 
embrace new technology 
     
 
Empowering customers to 
control their water use 
through smart monitoring      
 
Pricing and or tariff reform to 
incentivise demand 
management      
 Using a risk based approach to decision making      
 
 
Please indicate your name (for researcher use only) 
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A4: DELPHI ROUND 3 QUESTIONNAIRE 
Investigation into barriers, drivers and enabling factors for 
integrating innovation into the water sector 
 
Title of research: Determining the enabling and disabling factors for implementing 
innovation into the water sector 
 
Investigator: Queensland University of Technology (QUT) 
 
Research aim: The aim of the study is to assess the potential to incorporate innovations into 
the water sector to provide enhanced sustainability outcomes in multiple social, 
environmental and economic dimensions. 
 
Confidentiality: All information gathered from the study will be treated as confidential. The 
identity of participants will not be disclosed to any unauthorised persons; only direct 
members of the research team will have access to the data collected as part of the study. 
Any information that may compromise the anonymity or cause risk to the professional 
reputation of participants will not be disclosed. 
This content of this questionnaire forms partial fulfilment of the doctoral research for Jillian 
Kenny and may not be reproduced or distributed in any form. 
 
Ethical conduct: This questionnaire is in accordance with QUT’s University’s research 
commitment to the National Statement on Ethical Conduct in Research Involving Humans. 
 
Voluntary participation: Undertaking this questionnaire is voluntary and the decision not to 
participate will in no way upon your relationship with the Queensland University of 
Technology. 
 
Questions: Any queries regarding this project may be directed to the research team: 
 
Principal research investigator: 
Ms Jillian Kenny 
PhD Candidate, Science and Engineering Faculty 
Queensland University of Technology 
e: jillian.kenny@student.qut.edu.au 
p: 0448 852 209 
 
Additional research team investigators: 
Prof. Arun Kumar (Principal Supervisor) 
Professor, Science and Engineering 
Faculty 
Queensland University of Technology 
e: arun.kumar@qut.edu.au 
p: 07 3138 2731 
 
 
Dr Cheryl Desha (Associate Supervisor) 
Senior Lecturer, Science and Engineering 
Faculty 
Queensland University of Technology 
e: cheryl.desha@qut.edu.au 
p: 0422 994 143 
 
Mr Jim Reeves (Industry Advisor) 
General Manager 
Institute for Future Environments 
Queensland University of Technology 
e: jim.reeves@qut.edu.au 
p: 07 3138 0163 
 
Mr David Hood (Industry Advisor) 
Adjunct Professor, Science and 
Engineering 
Faculty 
Queensland University of Technology 
e: davidahood@mac.com 
p: 07 3878 2114 
 
 
Agreement: By completing and returning this questionnaire I agree to permit the information 
that I provide to be used to inform and contribute to the creation of academically reviewed 
and publicly available reports, research papers, and theses relating to the barriers, drivers 
and enablers for incorporating innovation into the water sector. 
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About the Round 3 Delphi questionnaire 
During the pre-Delphi round of this Delphi study, barriers, drivers and enablers for innovation 
in the water sector were rated according to their ‘level of influence’ and ‘priority to address’. 
During round 1 of this Delphi study, strategies, tools and methods to overcome, capitalise on 
and encourage innovation in the water sector were proposed by the expert panel. 
During round 2 of this Delphi study, the expert panel rated each of the strategies, tools and 
methods on a five point scale to indicate how much impact they thought each element had or 
could have on the state of innovation in the Australian water sector. 
The responses from round 2 of this study have been collated and feedback about individual 
and group responses has been provided against each element. 
 
Instructions for the Round 3 Delphi questionnaire 
Round 3 of this Delphi study lists the grouped responses provided by the expert panel in 
round 1 and the individual and group responses provided in round 2. 
You will see a scale underneath each element with the options: 
• 1 - No impact 
• 2 - Low impact 
• 3 - Some impact 
• 4 - High impact 
• 5 - Most impact 
Please re-consider your response in the context of the group rating from round 2 and re-rate 
each element. Note: you may rate the element with the same response as you provided in 
round 2. 
 
Category: Diversity 
• Please reconsider your responses to the elements below in the con text of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Engaging multi-disciplinary leaders to develop a consensus 
about priority areas for the sector 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.73   Std Dev   0.467 
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 1 - No impact   2 - Low impact   3 - Some impact   4 - High impact   5 - Most 
impact 
 
 
Enlisting diverse perspectives to identify and frame the right 
problems and develop solutions 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   0.751 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Diversifying portfolio's to ensure robust and resilient water 
supply 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.27   Std Dev   1.191 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Category: Collaboration 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Encouraging collaboration between utilities to share 
responsibility and spread risk for new ideas 
 
Feedback from round 2 
• Your individual response from round 2:     4 
Appendices  
 Page 256 
• Group response from round 2:     Mean     3.64   Std Dev   0.674 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Organisations working collaboratively to embrace adoption of 
new ideas 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.73   Std Dev   0.467 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Sharing data or information to advance learning and exchange 
lessons learned 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     4.00   Std Dev   0.775 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Involving stakeholders in policy development to ensure 
suitability to sector 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.73   Std Dev   0.647 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
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Encouraging collaboration between researchers and industry 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     4.00   Std Dev   0.775 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Realigning research KPI's to include transfer of technolgy to 
industry 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     3.64   Std Dev   1.120 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Category: Increasing the public profile of the water sector 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Increasing the profile of the water industry through 
spokespersons and media 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.27   Std Dev   0.647 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
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Enhancing media engagement to increase interest and 
awareness of water issues and innovations 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.45   Std Dev   0.522 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Peak bodies or associations providing public information or 
debate on key issues 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.64   Std Dev   0.505 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Promoting and publicising results and successes of trials and 
initiatives 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.73   Std Dev   0.786 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Showcasing achievements of organisations who are 
demonstrating leadership 
 
Feedback from round 2 
• Your individual response from round 2:     4 
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• Group response from round 2:     Mean     3.91   Std Dev   0.831 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Communicating with a coherent voice for the sector 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     4.00   Std Dev   0.632 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Category: Leadership 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Engaging champions or advocates to provide advice and 
support ideas 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     3.91   Std Dev   0.701 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact 
 
Leadership around trialling and adopting innovation from 
entities such as CSIRO or WSAA 
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Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.55   Std Dev   0.820 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Category: Culture 
• Please reconsider your responses to the element below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Developing a culture conducive to innovation within 
organisations 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   0.751 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Maintaining the focus on cultural change that started with 
restrictions and became almost normal behaviour 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.18   Std Dev   0.751 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact 
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Encouraging industry to embrace KPI's around innovation and 
support of new technology 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     3.55   Std Dev   0.688 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Creating competition to drive adoption of innovation 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.45   Std Dev   0.820 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Category: Education 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Investing in public education about water issues 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   0.874 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Appendices  
 Page 262 
Independent science and research to support public 
understanding and acceptance 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.36   Std Dev   0.674 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Category: Regulation 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Understanding the challenges in current regulations from all 
perspectives 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.73   Std Dev   0.786 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Ensuring regulators are kept abreast of latest developments 
and best practise models 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.55   Std Dev   0.522 
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 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Establishing a working group of sector leaders to partner with 
regulators to revisit and re-frame regulations 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   0.751 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Nationally consistent regulations to foster streamlining and 
consistency whilst still maintaining appropriate standards 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.82   Std Dev   0.874 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact 
 
 
Public reporting to provide a holistic view of performance 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   0.874 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Category: Community engagement 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
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• Your response should indicate the level of impact each element has or could have on the 
state of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Ensuring transparent and open communication with 
communities 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     4.09   Std Dev   0.944 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Engaging with community leaders to gain their support 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.91   Std Dev   0.539 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Openly presenting benefits and risks of new and existing 
options to clearly show the value of each option 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.36   Std Dev   0.924 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Providing real choice for communities during engagement 
processes 
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Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     3.64   Std Dev   0.924 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Understanding community priorities and demands 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.82   Std Dev   1.168 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Demonstrating clear feedback about where community 
contributions have been reflected in decision making 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.73   Std Dev   0.905 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Ensuring community engagement occurs early and often 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     4.18   Std Dev   0.751 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
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Category : Other 
• Please reconsider your responses to the elements below in the context of the feedback 
provided 
• Newly select your response from the options provided 
• Your response should indicate the level of impact each element has or could have on the state 
of innovation in the Australian water sector 
• Note: You may select the same rating as you did in round 2 
 
 
Communicating concepts appropriately for the given audience 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.64   Std Dev   0.674 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact 
 
 
Building a strong, evidence-based business case 
 
Feedback from round 2 
• Your individual response from round 2:     5 
• Group response from round 2:     Mean     4.18   Std Dev   0.603 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
 
 
Establishing benchmarks and link to awards for successful 
projects 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.73   Std Dev   0.647 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
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Maintaining long term strategy to ensure organisational 
direction is on-track and prepared for opportunities 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.91   Std Dev   0.701 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Opening the market to third party suppliers who may be in a 
better position to embrace new technology 
 
Feedback from round 2 
• Your individual response from round 2:     3 
• Group response from round 2:     Mean     3.73   Std Dev   0.786 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Empowering customers to control their water use through 
smart monitoring 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.36   Std Dev   0.809 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact 
 
 
Pricing and or tariff reform to incentivise demand management 
 
Feedback from round 2 
• Your individual response from round 2:     4 
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• Group response from round 2:     Mean     3.82   Std Dev   1.079 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact   
 
 
Using a risk based approach to decision making 
 
Feedback from round 2 
• Your individual response from round 2:     4 
• Group response from round 2:     Mean     3.64   Std Dev   0.674 
 
 1 - No impact   2 - Low impact   3 - Some impact   4 - High 
impact   5 - Most impact  
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C1: PRE-DELPHI RANKINGS 
  
Impact Priority Impact Priority 
R
A
N
K
IN
G
 
MEAN STDEV 
SECTION 1 - Barriers 
1 
Passive innovation culture within the water 
sector 56.17 59.00 21.20 20.45 8/9 
2 
Human tendency to start from what we 
already know 63.83 54.58 16.41 20.79 6 
3 Inconsistent policy across political cycles 61.50 61.33 25.94 29.59 3 
4 
Ineffective collaboration between research 
and industry 57.92 57.25 27.09 29.64 8/9 
5 
Ineffective engagement between the water 
sector and its customers 59.92 61.33 21.01 24.86 4 
6 Intellectual Property inhibits sharing of ideas 45.55 38.55 21.42 22.29 10 
7 There is a culture of avoiding failure 59.17 56.33 22.06 24.56 7 
8 Scepticism/ Need for proven results  64.82 59.27 22.23 20.15 1/2 
9 Regulation systems impede progress 62.67 61.67 28.65 28.78 1/2 
10 
There is an unconvincing business case for 
innovation 59.67 59.08 32.22 31.06 5 
SECTION 2 - Drivers 
1 
Long-term thinking drives support for 
innovation 62.00 57.36 25.79 28.19 8 
2 
Thought leadership and reaching for stretch 
targets 71.91 71.73 24.07 26.19 2 
3 Increasing demand for/scarcity of resources  69.64 63.91 20.42 18.60 4 
4 Increasing cost of water 69.64 61.73 22.93 27.28 5 
5 Influence of policy  76.73 74.09 18.13 20.37 1 
6 Imperative for solutions 68.55 58.91 19.89 18.85 7 
7 Opportunity for financial savings 66.30 62.50 20.12 23.23 6 
8 Holistic valuation 66.18 69.82 21.30 21.99 3 
SECTION 3 - Enablers 
1 Suitably framing the problem 75.17 72.92 15.47 12.60 1 
2 Collaboration/ knowledge sharing 69.82 67.50 22.97 29.76 4/5 
3 Establishing and maintaining trust  71.18 66.09 21.11 21.16 3 
4 Funding support  63.50 59.83 23.96 26.14 8 
5 Effective regulations  70.00 74.00 21.58 26.18 2 
6 
Linking sector leaders through a dedicated 
program 57.80 56.00 26.18 25.27 9 
7 
Having a holistic perspective of commercial 
factors  64.82 60.91 23.15 27.74 6 
8 Confidence/proven results 62.83 60.67 22.21 19.78 7 
9 Community acceptance 69.67 69.25 23.13 23.92 4/5 
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C2: ANOVA RESULTS FOR ALL PRE-DELPHI FACTORS 
  shows where Sig. ≤ 0.05 indicating that there is a statistically significant difference between the three conditions 
        
Barriers 
Rating Factor   
Sum of 
Squares df 
Mean 
Square F Sig. 
Impact 
Passive 
innovation 
culture in the 
water sector 
Between Groups 2092.800 2 1046.400 3.752 .071 
Within Groups 2231.200 8 278.900     
Total 4324.000 10       
Priority to 
Address 
Between Groups 1901.659 2 950.830 3.431 .084 
Within Groups 2217.250 8 277.156     
Total 4118.909 10       
Impact Human 
tendency to 
start from 
what we 
already know 
Between Groups 123.345 2 61.673 .193 .828 
Within Groups 2555.200 8 319.400     
Total 2678.545 10       
Priority to 
Address 
Between Groups 104.132 2 52.066 .106 .901 
Within Groups 3944.050 8 493.006     
Total 4048.182 10       
Impact 
Inconsistent 
policy across 
political 
cycles 
Between Groups 3032.336 2 1516.168 3.037 .104 
Within Groups 3993.300 8 499.163     
Total 7025.636 10       
Priority to 
Address 
Between Groups 5086.995 2 2543.498 4.890 .041 
Within Groups 4161.550 8 520.194     
Total 9248.545 10       
Impact Ineffective 
collaboration 
between 
research and 
industry 
Between Groups 1408.245 2 704.123 .854 .461 
Within Groups 6594.300 8 824.288     
Total 8002.545 10       
Priority to 
Address 
Between Groups 3207.909 2 1603.955 2.005 .197 
Within Groups 6401.000 8 800.125     
Total 9608.909 10       
Impact Ineffective 
engagement 
between the 
water sector 
and its 
customers 
Between Groups 1862.000 2 931.000 2.584 .136 
Within Groups 2882.000 8 360.250     
Total 4744.000 10       
Priority to 
Address 
Between Groups 2712.027 2 1356.014 2.709 .126 
Within Groups 4004.700 8 500.588     
Total 6716.727 10       
Impact Intellectual 
Property 
inhibits 
sharing of 
ideas 
Between Groups 143.150 2 71.575 .113 .895 
Within Groups 4423.750 7 631.964     
Total 4566.900 9       
Priority to 
Address 
Between Groups 159.150 2 79.575 .119 .889 
Within Groups 4663.250 7 666.179     
Total 4822.400 9       
Impact There is a culture of 
Between Groups 785.845 2 392.923 .890 .448 
Within Groups 3530.700 8 441.338     
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avoiding 
failure 
Total 4316.545 10       
Priority to 
Address 
Between Groups 810.882 2 405.441 .707 .521 
Within Groups 4587.300 8 573.413     
Total 5398.182 10       
Impact 
Scepticism/ 
need for 
proven 
results 
Between Groups 1504.350 2 752.175 1.649 .259 
Within Groups 3193.750 7 456.250     
Total 4698.100 9       
Priority to 
Address 
Between Groups 2135.350 2 1067.675 4.079 .067 
Within Groups 1832.250 7 261.750     
Total 3967.600 9       
Impact 
Regulation 
systems 
impede 
progress 
Between Groups 3427.709 2 1713.855 2.599 .135 
Within Groups 5275.200 8 659.400     
Total 8702.909 10       
Priority to 
Address 
Between Groups 3810.450 2 1905.225 3.089 .101 
Within Groups 4933.550 8 616.694     
Total 8744.000 10       
Impact There is an 
unconvincing 
business 
case for 
innovation 
Between Groups 4044.050 2 2022.025 2.890 .114 
Within Groups 5597.950 8 699.744     
Total 9642.000 10       
Priority to 
Address 
Between Groups 3822.095 2 1911.048 3.081 .102 
Within Groups 4962.450 8 620.306     
Total 8784.545 10       
Drivers 
Rating Factor   
Sum of 
Squares df 
Mean 
Square F Sig. 
Impact Long-term 
thinking 
drives 
support for 
innovation 
Between Groups 2514.083 2 1257.042 2.422 .169 
Within Groups 3113.917 6 518.986     
Total 5628.000 8       
Priority to 
Address 
Between Groups 3664.500 2 1832.250 3.499 .088 
Within Groups 3665.500 7 523.643     
Total 7330.000 9       
Impact Thought 
leadership 
and reaching 
for stretch 
targets 
Between Groups 341.350 2 170.675 .257 .780 
Within Groups 4644.250 7 663.464     
Total 4985.600 9       
Priority to 
Address 
Between Groups 262.400 2 131.200 .157 .857 
Within Groups 5836.500 7 833.786     
Total 6098.900 9       
Impact 
Increasing 
demand for/ 
scarcity of 
resources 
Between Groups 848.400 2 424.200 .927 .439 
Within Groups 3204.000 7 457.714     
Total 4052.400 9       
Priority to 
Address 
Between Groups 276.600 2 138.300 .334 .727 
Within Groups 2899.500 7 414.214     
Total 3176.100 9       
Impact Increasing 
cost of water 
Between Groups 1404.900 2 702.450 1.316 .327 
Within Groups 3735.500 7 533.643     
Total 5140.400 9       
Between Groups 957.400 2 478.700 .548 .601 
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Priority to 
Address 
Within Groups 6117.500 7 873.929     
Total 7074.900 9       
Impact 
Influence of 
policy 
Between Groups 545.400 2 272.700 .850 .467 
Within Groups 2245.000 7 320.714     
Total 2790.400 9       
Priority to 
Address 
Between Groups 174.150 2 87.075 .185 .835 
Within Groups 3292.250 7 470.321     
Total 3466.400 9       
Impact 
Imperative for 
solutions 
Between Groups 1218.150 2 609.075 1.643 .260 
Within Groups 2594.250 7 370.607     
Total 3812.400 9       
Priority to 
Address 
Between Groups 112.350 2 56.175 .133 .877 
Within Groups 2951.250 7 421.607     
Total 3063.600 9       
Impact 
Opportunity 
for financial 
savings 
Between Groups 228.806 2 114.403 .319 .739 
Within Groups 2153.417 6 358.903     
Total 2382.222 8       
Priority to 
Address 
Between Groups 256.972 2 128.486 .247 .789 
Within Groups 3121.250 6 520.208     
Total 3378.222 8       
Impact 
Holistic 
valuation 
Between Groups 222.350 2 111.175 .255 .782 
Within Groups 3055.250 7 436.464     
Total 3277.600 9       
Priority to 
Address 
Between Groups 588.100 2 294.050 .635 .558 
Within Groups 3243.500 7 463.357     
Total 3831.600 9       
Enablers 
Rating Factor   
Sum of 
Squares df 
Mean 
Square F Sig. 
Impact 
Suitably 
framing the 
problem 
Between Groups 69.382 2 34.691 .109 .898 
Within Groups 2538.800 8 317.350     
Total 2608.182 10       
Priority to 
Address 
Between Groups 125.732 2 62.866 .321 .734 
Within Groups 1566.450 8 195.806     
Total 1692.182 10       
Impact 
Collaboration/ 
knowledge 
sharing 
Between Groups 2341.650 2 1170.825 2.904 .121 
Within Groups 2821.950 7 403.136     
Total 5163.600 9       
Priority to 
Address 
Between Groups 3438.495 2 1719.248 2.242 .169 
Within Groups 6136.050 8 767.006     
Total 9574.545 10       
Impact 
Establishing 
and 
maintaining 
trust 
Between Groups 1864.350 2 932.175 2.602 .143 
Within Groups 2507.750 7 358.250     
Total 4372.100 9       
Priority to 
Address 
Between Groups 592.400 2 296.200 .569 .590 
Within Groups 3642.000 7 520.286     
Total 4234.400 9       
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Impact 
Funding 
support 
Between Groups 2008.800 2 1004.400 2.005 .197 
Within Groups 4007.200 8 500.900     
Total 6016.000 10       
Priority to 
Address 
Between Groups 1548.909 2 774.455 1.131 .369 
Within Groups 5476.000 8 684.500     
Total 7024.909 10       
Impact 
Effective 
regulations 
Between Groups 2017.177 2 1008.589 3.494 .081 
Within Groups 2309.550 8 288.694     
Total 4326.727 10       
Priority to 
Address 
Between Groups 3756.845 2 1878.423 4.937 .040 
Within Groups 3043.700 8 380.463     
Total 6800.545 10       
Impact Linking sector 
leaders 
through a 
dedicated 
program 
Between Groups 2437.000 2 1218.500 1.996 .217 
Within Groups 3663.000 6 610.500     
Total 6100.000 8       
Priority to 
Address 
Between Groups 2601.250 2 1300.625 2.513 .161 
Within Groups 3104.750 6 517.458     
Total 5706.000 8       
Impact Having a 
holistic 
perspective 
of 
commercial 
factors 
Between Groups 1628.100 2 814.050 2.406 .160 
Within Groups 2368.000 7 338.286     
Total 3996.100 9       
Priority to 
Address 
Between Groups 3111.250 2 1555.625 3.754 .078 
Within Groups 2900.750 7 414.393     
Total 6012.000 9       
Impact 
Confidence/ 
proven 
results 
Between Groups 1122.382 2 561.191 1.127 .371 
Within Groups 3983.800 8 497.975     
Total 5106.182 10       
Priority to 
Address 
Between Groups 304.609 2 152.305 .339 .722 
Within Groups 3590.300 8 448.788     
Total 3894.909 10       
Impact 
Community 
acceptance 
Between Groups 4046.136 2 2023.068 15.844 .002 
Within Groups 1021.500 8 127.688     
Total 5067.636 10       
Priority to 
Address 
Between Groups 4182.777 2 2091.389 15.464 .002 
Within Groups 1081.950 8 135.244     
Total 5264.727 10       
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C3: TUKEY POST-HOC TEST RESULTS FOR PRE-DELPHI FACTORS 
WITH SIGNIFICANT DIFFERENCES 
Dependent 
Variable Test Segment Comparison 
Mean 
Differen
ce (I-J) 
Std. 
Error Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
Barriers 
Pr
io
rit
y 
to
 A
dd
re
ss
 
In
co
ns
is
te
nt
 p
ol
ic
y 
ac
ro
ss
 p
ol
iti
ca
l 
cy
cl
es
 
Tukey 
HSD 
Research Industry 6.250 19.752 .947 -50.19 62.69 
Government 45.050* 15.300 .044 1.33 88.77 
Industry Research -6.250 19.752 .947 -62.69 50.19 
Government 38.800 19.082 .166 -15.73 93.33 
Governmen
t 
Research -45.050* 15.300 .044 -88.77 -1.33
Industry -38.800 19.082 .166 -93.33 15.73 
Enablers 
Pr
io
rit
y 
to
 A
dd
re
ss
 
Ef
fe
ct
iv
e 
re
gu
la
tio
ns
 
Tukey 
HSD 
Research Industry 1.500 16.892 .996 -46.77 49.77 
Government 37.600* 13.085 .049 .21 74.99 
Industry Research -1.500 16.892 .996 -49.77 46.77 
Government 36.100 16.319 .129 -10.53 82.73 
Governmen
t 
Research -37.600* 13.085 .049 -74.99 -.21 
Industry -36.100 16.319 .129 -82.73 10.53 
Im
pa
ct
 
C
om
m
un
ity
 a
cc
ep
ta
nc
e 
Tukey 
HSD 
Research Industry 55.000* 9.786 .001 27.04 82.96 
Government 20.500 7.580 .063 -1.16 42.16 
Industry Research -55.000* 9.786 .001 -82.96 -27.04
Government -34.500* 9.454 .016 -61.51 -7.49
Governmen
t 
Research -20.500 7.580 .063 -42.16 1.16 
Industry 34.500* 9.454 .016 7.49 61.51 
Pr
io
rit
y 
to
 A
dd
re
ss
 Tukey 
HSD 
Research Industry 55.750* 10.071 .001 26.97 84.53 
Government 22.350* 7.801 .049 .06 44.64 
Industry Research -55.750* 10.071 .001 -84.53 -26.97
Government -33.400* 9.730 .022 -61.20 -5.60
Governmen
t 
Research -22.350* 7.801 .049 -44.64 -.06 
Industry 33.400* 9.730 .022 5.60 61.20 
* The mean difference is significant at the 0.05 level
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C5: ANOVA RESULTS FROM DELPHI ROUND 3 ELEMENTS 
shows where Sig. ≤ 0.05 indicating that there is a statistically significant difference between the 
three conditions 
Diversity 
Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q1A1 
Engaging multi-disciplinary 
leaders to develop a 
consensus about priority 
areas for the sector 
Between Groups .015 2 .008 .028 .973 
Within Groups 2.167 8 .271 
Total 2.182 10 
Q1A2 
Enlisting diverse perspectives 
to identify and frame the right 
problems and develop 
solutions 
Between Groups 0.159 2 .080 0.231 .799 
Within Groups 2.750 8 .344 
Total 2.909 10 
Q1A3 
Diversifying portfolio's to 
ensure robust and resilient 
water supply 
Between Groups 0.515 2 0.258 .151 .862 
Within Groups 13.667 8 1.708 
Total 14.182 10 
Collaboration 
Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q2A1 
Encouraging collaboration 
between utilities to share 
responsibility and spread risk 
for new ideas 
Between Groups .561 2 .280 1.035 .398 
Within Groups 2.167 8 .271 
Total 2.727 10 
Q2A2 
Organisations working 
collaboratively to embrace 
adoption of new ideas 
Between Groups .220 2 .110 0.620 .562 
Within Groups 1.417 8 .177 
Total 1.636 10 
Q2A3 
Sharing data or information to 
advance learning and 
exchange lessons learned 
Between Groups .220 2 .110 0.620 .562 
Within Groups 1.417 8 .177 
Total 1.636 10 
Q2A4 
Involving stakeholders in 
policy development to ensure 
suitability to sector 
Between Groups .015 2 .008 .028 .973 
Within Groups 2.167 8 .271 
Total 2.182 10 
Q2A5 
Encouraging collaboration 
between researchers and 
industry 
Between Groups .000 2 .000 .000 1.000 
Within Groups 4.000 8 .500 
Total 4.000 10 
Q2A6 
Realigning research KPI's to 
include transfer of technolgy 
to industry 
Between Groups 1.129 2 0.564 0.479 .636 
Within Groups 9.417 8 1.177 
Total 10.545 10 
Increasing the public profile of the water sector 
Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q3A1 
Increasing the profile of the 
water industry through 
spokespersons and media 
Between Groups .220 2 .110 .257 .779 
Within Groups 3.417 8 .427 
Total 3.636 10 
Q3A2 
Enhancing media 
engagement to increase 
interest and awareness of 
water issues and innovations 
Between Groups 1.311 2 .655 3.701 .073 
Within Groups 1.417 8 .177 
Total 2.727 10 
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Q3A3 
Peak bodies or associations 
providing public information 
or debate on key issues 
Between Groups .129 2 .064 .213 .812 
Within Groups 2.417 8 .302 
Total 2.545 10 
Q3A4 
Promoting and publicising 
results and successes of 
trials and initiatives 
Between Groups .220 2 .110 0.620 .562 
Within Groups 1.417 8 .177 
Total 1.636 10 
Q3A5 
Showcasing achievements of 
organisations who are 
demonstrating leadership 
Between Groups .242 2 .121 1.455 .289 
Within Groups .667 8 .083 
Total .909 10 
Q3A6 
Communicating with a 
coherent voice for the sector 
Between Groups .500 2 .250 1.333 .316 
Within Groups 1.500 8 .188 
Total 2.000 10 
Leadership 
Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q4A1 
Engaging champions or 
advocates to provide advice 
and support ideas 
Between Groups .242 2 .121 .364 .706 
Within Groups 2.667 8 .333 
Total 2.909 10 
Q4A2 
Leadership around trialing 
and adopting innovation from 
entities such as CSIRO or 
WSAA 
Between Groups 0.311 2 .155 0.281 .762 
Within Groups 4.417 8 .552 
Total 4.727 10 
Culture 
 Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q5A1 
Developing a culture 
conducive to innovation 
within organisations 
Between Groups 0.242 2 0.121 0.208 .817 
Within Groups 4.667 8 .583 
Total 4.909 10 
Q5A2 
Maintaining the focus on 
cultural change that started 
with restrictions and became 
almost normal behaviour 
Between Groups 0.742 2 0.371 0.713 .519 
Within Groups 4.167 8 .521 
Total 4.909 10 
Q5A3 
Encouraging industry to 
embrace KPI's around 
innovation and support of 
new technology 
Between Groups 1.977 2 .989 10.545 .006 
Within Groups 0.750 8 .094 
Total 2.727 10 
Q5A4 
Creating competition to drive 
adoption of innovation 
Between Groups 1.129 2 0.564 1.322 .319 
Within Groups 3.417 8 .427 
Total 4.545 10 
Education 
Element 
Sum of 
Squares df 
Mean 
Square F Sig. 
Q6A1 
Investing in public education 
about water issues 
Between Groups 0.500 2 .250 0.571 .586 
Within Groups 3.500 8 .438 
Total 4.000 10 
Q6A2 
Independent science and 
research to support public 
understanding and 
acceptance 
Between Groups 0.129 2 .064 0.117 .891 
Within Groups 4.417 8 .552 
Total 4.545 10 
Regulation 
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Element   
Sum of 
Squares df 
Mean 
Square F Sig. 
Q7A1 
Understanding the challenges 
in current regulations from all 
perspectives 
Between Groups .765 2 .383 .896 .446 
Within Groups 3.417 8 .427     
Total 4.182 10       
Q7A2 
Ensuring regulators are kept 
abreast of latest 
developments and best 
practise 
Between Groups .129 2 .064 .213 .812 
Within Groups 2.417 8 .302     
Total 2.545 10       
Q7A3 
Establishing a working group 
of sector leaders to partner 
with regulators to revisit and 
re-frame regulations 
Between Groups .220 2 .110 .620 .562 
Within Groups 1.417 8 .177     
Total 1.636 10       
Q7A4 
Nationally consistent 
regulations to foster 
streamlining and consistency 
whilst still maintaining 
appropriate 
Between Groups 1.242 2 .621 1.355 .311 
Within Groups 3.667 8 .458     
Total 4.909 10       
Q7A5 
Public reporting to provide a 
holistic view of performance 
Between Groups .015 2 .008 .015 .986 
Within Groups 4.167 8 .521     
Total 4.182 10       
Community engagement 
Element   
Sum of 
Squares df 
Mean 
Square F Sig. 
Q8A1 
Ensuring transparent and 
open communication with 
communities 
Between Groups 0.636 2 0.318 0.509 .619 
Within Groups 5.000 8 .625     
Total 5.636 10       
Q8A2 
Engaging with community 
leaders to gain their support 
Between Groups .583 2 .292 1.647 .252 
Within Groups 1.417 8 .177     
Total 2.000 10       
Q8A3 
Openly presenting benefits 
and risks of new and existing 
options to clearly show the 
value of each option 
Between Groups .561 2 .280 .538 .604 
Within Groups 4.167 8 .521     
Total 4.727 10       
Q8A4 
Providing real choice for 
communities during 
engagement processes 
Between Groups 0.129 2 .064 0.117 .891 
Within Groups 4.417 8 .552     
Total 4.545 10       
Q8A5 
Understanding community 
priorities and demands 
Between Groups 2.242 2 1.121 1.922 .208 
Within Groups 4.667 8 .583     
Total 6.909 10       
Q8A6 
Demonstrating clear 
feedback about where 
community contributions have 
been reflected in decision 
making 
Between Groups 0.220 2 0.110 0.162 .853 
Within Groups 5.417 8 .677     
Total 5.636 10       
Q8A7 
Ensuring community 
engagement occurs early and 
often 
Between Groups .515 2 .258 .562 .591 
Within Groups 3.667 8 .458     
Total 4.182 10       
Other 
Element   
Sum of 
Squares df 
Mean 
Square F Sig. 
Q9A1 
Communicating concepts 
appropriately for the given 
audience 
Between Groups .515 2 .258 .562 .591 
Within Groups 3.667 8 .458     
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Total 4.182 10 
Q9A2 
Building a strong, evidence-
based business case 
Between Groups .015 2 .008 0.028 .973 
Within Groups 2.167 8 .271 
Total 2.182 10 
Q9A3 
Establishing benchmarks and 
link to awards for successful 
projects 
Between Groups .432 2 .216 .987 .414 
Within Groups 1.750 8 .219 
Total 2.182 10 
Q9A4 
Maintaining long term 
strategy to ensure 
organisational direction is on-
track and prepared for 
opportunities 
Between Groups 0.583 2 .292 0.683 .532 
Within Groups 3.417 8 .427 
Total 4.000 10 
Q9A5 
Opening the market to third 
party suppliers who may be in 
a better position to embrace 
new technology 
Between Groups 0.159 2 .080 0.231 .799 
Within Groups 2.750 8 .344 
Total 2.909 10 
Q9A6 
Empowering customers to 
control their water use 
through smart monitoring 
Between Groups 0.061 2 .030 0.052 .950 
Within Groups 4.667 8 .583 
Total 4.727 10 
Q9A7 
Pricing and or tariff reform to 
incentivise demand 
management 
Between Groups .765 2 .383 .325 .732 
Within Groups 9.417 8 1.177 
Total 10.182 10 
Q9A8 
Using a risk based approach 
to decision making 
Between Groups 1.129 2 .564 1.322 .319 
Within Groups 3.417 8 .427 
Total 4.545 10 
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C6: TUKEY POST-HOC TEST RESULTS FOR DELPHI ROUND 3 
ELEMENTS WITH SIGNIFICANT DIFFERENCES 
Dependent 
Variable Test Segment Comparison 
Mean 
Differe
nce (I-
J) 
Std. 
Error Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
Culture 
Q5
A3 
Encouragin
g industry 
to embrace 
KPI's 
around 
innovation 
and 
support of 
new 
technology 
Tukey 
HSD 
Research Industry .250 .234 .558 -.42 0.92 
Government -0.750* .217 .021 -1.37 -0.13 
Industry Research -.250 .234 .558 -0.92 .42 
Government -1.000* .234 .007 -1.67 -0.33 
Government Research .750* .217 .021 0.13 1.37 
Industry 
1.000* .234 .007 0.33 1.67 
* The mean difference is significant at the 0.05 level 
 
 
 
